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ABSTRACT: 

PURPOSE:To realize a high speed property, a low power consumption property, a high soft 
error resistance, and a high integration property, with regard to the logic circuit, for instance, a 
4-input OR/NOR circuit 

CONSTITUTIONrAn input circuit part is constituted of NPN transistors 1 , 36, 1 1 0 and 1 1 1 in 
which collectors are connected to a VCC power source line 7, and emitters are connected to a 
base of a PNP transistor 4 and a gate of an nMOS transistor 12. In an output circuit part, a 
collector ground circuit 6 consisting of a PNP transistor 4 and a resistance 5, and a source 
ground circuit 14 consisting of the nMOS transistor 12 and a resistance 13 are provided. 
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1 

Sffi^nfcS 2 ©/Uij?-^ h 5 >'>»x^'*> 2 
'f#-5h5>J?X^'©X5 2/^lC»K$n. XU1*P 

u'<;i'3&»Ha-r4 J: 5 fcy-x«3S!»wictt«sn 

fcS 2 ©«#ai« h 7 >-:^X^*^ 5:fS:5 y-X»«l@B 
[I9*«9] ta*JSl, 2. 3. 4, 5. 6. 7Xtt8 

aB«©a3a@Bs^A/-c«ii«an-t«r»<& c t 



(2) <$Hip6-2 1 6 7 5 6 

^StUIilB. 

CB^fllO] 2, 3. 4. 5, 6. 7X» 

8gBit©a^9@!S©^^> l^-©^Sc©l&ai5l)iS<&L< 
»-ffil^-©llft©iailI°IK>3CH:||i!i:«ieScDai9!|BIVS 

©W:^ig$^£2lxT;^^ilSII§i9«[liIiSX»:i^St§i31^ 

[»«JB1 IJ A*iaB«€ttrtr«/t'f4?-9h9> 

v»Xi'Xtt«l?Sft«h9>v'X^'*JX5 y^'Xtty-X 

i^? S:tta»iSLr;tes«»®h7>i?x^T?ffl^anTi'» 

•S«^K*V»T. 2:n61fi»©n'f#-9h7>i?X^' 
1, 2, 3, 4. 5. 6, 7. 8, 9XH10gl«©|ft 

>'7.^fifi»Sc.<D^-Xim»Xti^/U^^-yh^>i^ 

xi'T««anTv»sj:tSi{«»fr-5»«JBi. 2, 

20 3] ffl:^|plKfflJcffia©ni/'^^'S«iHlB. 

l|[jR®y-X««Iil!SXttri Vi^ffiSiimmcav-X 

«ri2«»©y-xa«leIJS&«A!ET-5^»^«h7 

>-;?xi'®y-xxttWE3Wir3'«%iiBRafy-x 

«h7>>^X4'©3l/5'5'Rt;y-Xtt. *ffi®¥««: 

BTf««anTiriS2:i:«i*afr-5«f*si, 2. 

3, 4. 5. 6. 7, 8. 9X»1 0BS®%9|Bni6. 

JO m^m 1 4 ] A*@isas«i^-r-5 A-'f #-7 h 7 > 

i^X^'Oa Wi'5'IC^#-rs«iBeBE®l?jDSrW*|5IB» 
S«l)«-r« h7>i?X^'®ft?tatt*:frLTff 5 J:5fc 
«rio$tlTVi5J:tS«atT-S«*JBl, 2. 5. 
6. 9X»1 0£«®i^iIi!S. 
CB!*3S1 5] y-h*mi®fi!ft«:frLTA:fj«B^I;: 

sts$ t 2 ©jstts^MxT^ 1 ®«jisjc»« 
sn. Hk-f^*^ 2 os^it*^^^TS 2 ©msicftiK 

anSt*lC»*JSl. 2. 3. 4, 5. 6, 7, 8X 

»9S«®fi9lil»®A:f)«C»R;!rn. y-X$fl!IIB 
40 mi®miS«c«K5n&®#36llh^>>'x^'*^>lT 

«ri(anTtiic:t&#ai:-r-5'f>^'7x-xi5igs. 
[9en®i¥ai7&3i9qi 

[0 00 1] 

, NOTIelB (-f >A-3') . ORIhIB. NOR 

@is^. v)t>i»-6Sii@B (logic circuit) icm-r 

[00 02] 

[fiE*®SfSl a*, i&aielBtbT. NPNh7>j^ 
59 X^i»'6«:«IIHi@B£S2|c^bT«|J«dn«ECL|p| 
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3 

'^nmrnvivrmfiifEti^ c mo s iBiK«]»t« gnr^^ 

[00 03] 

[0 0 0 4] esAtf, ECLiaKtt. KStts^-r-s 
». jKmm^jkxmvyhx^-miai^^iifl. ran 

[0 0 0 5] MmV^t, 
[0 0 0 6] 

[ilSSWtt-rsfcftcD^g] ^ 1 05S9g 

fcm 2 ©n-f ;Jt-7 h 2 ©3 Wif 

5. 

[0 0 0 7] m2<o^m 

[0 0 0 8] II3©«M 

ritrSi:V»5"t>©T*<5. 
[0 0 0 9] Il4©«?g 

*55W«f. B4©«MOiftai5lKtt, Hl^-f >S35!8EW 
fc««Sn&» 1 ©«lfSJ« h 9>S^^i'*»6a:<5 F U 

J&:<5 y-xaaisIKa: £«jajfiS« LTffljffi-rs <!: 5 
©T?*S. 

[0 0 10] msn^m 

icftaan, '<-x£A*«fra» i ©/w #-9 h 



(3) ^M¥6-2 1 67 56 

4 

9>5'X^'t, '<-XSia3B»l©;t-f#>-9h9>5? 

x^'©x5-7^'icffiR$n, Am* u'^;i'*^-a-rs<t 

<5tV»5"b©T?»<5. 
[0 0 11] Sl6©5l?g 

fc»«an, '<-x&A*fflfr«A-f*-5h5>5? 
3!s«8Wic8s«i$nfc«»^* h 7 > vA^*» &a-5 y- 

[0 0 12] miO)^ 

fcSJftsn, y-h*A*Mfr««#3»«h5>-:?x 
iKsn, AW*V'^;wi-a-r-5i5ic3Wi'5'«32«i 

a? [0 0 13]S8©5!ig 

CSJfiSn, y--HfeA*«fr-5fBl©«*3»«h7 

y-h*iSIB«l©«#a«h7>>'Xi» 
©y-xt^asn, AW:'7^'^;i'**-S:-r-5<i;5icy 

* 6 y-x««Ei» t *i8ttT«jsrr i t 5 fe© 

[0 0 141 mQoj^m 

*%m>t>. B9©fei»©a»9!l3»». S(l. »2. s 
^ 3. ^4, ms. Il6> |g7X(afg8©%q|©|»S!lslK 

[0 0 15] W^tf. 131, mZ, US. ^4. S5, 

&<Dts»mMi^hL < tt-ffli^-©«s©iaai5iijsxtts 
l^lSx»lSiBttli»lBlK$^^T. tt9iaK««ijrr« 

tti5t)©T*^. 
[00 16] 

40 SI ©aw**#ft:r«t. A*0»»*SB 

l©3V'i?^'»«I5JJSr«lri6U m*lHl»ffi*S2©3 

Ui^^'»«llgft-Cfll«bT»S*N0T|5IK-^, ORlHl 
[0 0 17] r©Slo«?q-Ctt> AAHiaSSSnUi^ 

©3 i^{/i^mm\a^&mfs.-ri>jut--y h=7>'J7.9 

©3U^^». i9S«JBEffi!l©«fifiU^X»ffi«JBEffi!l©«ai 

so b. iasia%©fti9&e< gits:@KS©mA<Bi©yistt 
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5 

[00 18] c<omi<o^mi!\t, ECLiggs© 

[0 0 19] r©|gl©56?9-ett. Hl*[sll8«^E 

[0 0 2 0] ZL<omia>HmT\i, idifiLfcJ:^ 

^ ^ <&iSSJEE«!l©«ie«£EX»{g:liS{ll©fl£SJEElca 

£u Ji©/t'fii?-5h^>i?xi'©3i/f ^'jflisfta* 

[0 0 2 1] ::©i5i©»M-ce. fUifibfcJca 
ic, E c L liiK©^ 5 cssswttASif^Sijjs t-B-r. 

bT^i*©-c, <fiSiST©i!if^*si«-r-5::t*tT^ 

[0 0 2 2] ;i©|gl©S!MTtt. AAIil»«* 

Jl©A''f:i?-7h9>v?;^^© 
nWj7^», iei@j£fil©mi«BEX»ffi@£Efl!l©«lfil 

ffiCH^sn^. ::©A'f#-^h9>>^X 

±oTfi<EUTb*t>, W*»^©aiafeSCbTL* 

[0 0 2 3] Il©lll©55MCJ:ntf. ECLIU 

[0 0 2 4] C©J:5fc. C©» 1 ©KWfcJ:n«. * 

[0 0 2 5] m2<imm 



(4) $fM^6-2 1 6 7 5 6 

[0 0 2 6] C©^2©»WTtt, A*lfill»a«3l'i' 

© n 1/ 3^ a. K«Effil©«Si«EEX»ffi«EEfll©«S( 

©M-f h 7 > j^xi' c*it5 5 y-mm'&fi < 

10 [0 0 2 7] i:©^2©5!MT?tt. ECLIhIK© 

[0 0 2 8] J:©SI2©5BM-T?tt. irJ£U&±3 

^ ^ &s«UEfi)©«i[mEEx»ffi«£Efii©«iiitUEica 

[0 0 2 9] Cl©l|2©58M-ett. fl(rj£LfcJ:-5 

fc, ECL@a©*3fc««t«»A»fP«ig«t1i-r. 

v»s©-c. fi«i8-e©»«2«»«'r5c:t*fc#-5. b 
fc*toT, ::©;Si*»6bT>b. ft«»«*tt«S^-r-s 

30 [0 0 3 0] c:®m2©5gtB-ctt. A:^JliIg&ffi* 
TJP^rSicSivt-f 4?-7 ^7>'J?;^^'T)|!J^cLT^» 

n W ^ tt. iiS«£EW©®g«ffiXBl£®EEfi}©Sai« 

^'©3i/i'3'©a&a««TJU7r«iteJ:-sy7 hx9-ic 
j:oTEebTLst^ ta*ig^©»at>seuTb* 

5tVi5*fiB**5!±-rs::tttiteVi. LTcifisX. 5S5V 
7 hX7-Btt£^-r42:t39JT?«S. 

[0 0 3 1] itit. ^<f)m2<D%m\zi:na. eclhi 

[0 0 3 2] ;::©i5fc. c:©3B2©»WfcJ:nK. N 

[0 0 3 3]S3©»W 
50 ttT«!<SbTJCE4#NOT|5IR^, OR0IS«*»««$ 
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7 

[0 0 3 4] e:©^3 0S5WTtt. X*lHlKfiB*HW 

[0 0 3 51 C:©fB3©a!Wrtt, ECLHK© 

[0 0 3 6] Sft:, J:©IB3©f5WTtt. ffl*0*Sffi* 

^*sc7T>7'>h^®a5fti^©«^Tt>. ibf^^a® 

[0 0 3 7] J:©fS3©»MTtt, idJfibfci^ 

>«iiS€£E«l©€i;ii£EX»4SaEffi!©€«(SEC:@^ 

Ti:Vi5«B:«)&:<U ««SiSBetf©16fP*fll«T-5 

[0 0 3 81 rom3®a!5g-rtt. t3iCU«:<t5 

iC. ECL|sIK®J:9trQtt^Aftf^$£^S^«r> 

W'<;vses-r5 c tTisaj!i3H£ff 5 <t 5 jc lt 

i»«®T7. fi«85-^®iifP*tt«-r-SJ:t*«-C€-&. u 

(0 0 3 9] ;i®m3®^WTe, A*lBl»«« 

7;l/7T»©»»*§»tfctLT*), itiS 
iiESJEEa®«liiflEX»{S«fiE{B9©«ig^(CQ;g$n 

■5. c:®iie«, c®«»s**h7>-:^x^'OHK>® 
w*ffi^®i&a*)SebTbS5tt>5^*^ 

[0 0 4 0] ;i0^3®^?g{cj:ntf. eclh 



(5) 4t@iqi6-2 1 6 7 5 6 

[004 1] C®J:5K:. Jl®SB3©«?«ICJ:tltf. * 

[0 0 4 2] %\(nw^ 

10 [0043] Jl©»4 ©«WTtt. AABISaS H V-i 

Hl^OB. iS€£E«®@ig^X»<SIIEE«]®€je@ 
ftfcH)£$n. c:®iie«. ;:® 

ai5i»®ft?sr*s< gag[Hi»®ta*ffls®5fis«[se«£ 

[0 0 4 4] Sfc, ^®ll4®5g?«T«. ECLlHiKO 

[0 0 4 5] c:®S4®5!MT?H:. tOjiBUftiJ:^ 
fc, A*liiaffl5SHW>«MJ0»T«lJ«U. 11® 

-f >»J6iaF«s«!(arr-5Si!t^mh7>>'x^'® h ^-r 
>£iS^ffii®sigaEEx»ffimfEfii®iij!imj9E(c@% 
u ii®si?i^sh7>$?x^'®HW"r>*»s&a««fp 

j:t««a:V>J:5fcUTVi.&®t?, fiWfittlcJ:5«JEB 

a? TtV^5iSKS;^j:<L. ffi«S«EET?®i!if^*«t«-r-5 

[0 0 4 6] ifc. ;i®^4®fg§qt?tt> fl(lKEUfcJ;5 
IC. ECL|pIl8©J:3fC«S5«^^i!ifPSij5>Mt-B:-f. 

*r: P'^;i'*eaf <& c tTfi&aj8a«ff 3 J: 5 lt 
fc»«®-c. <5«iinf®«i(p*««-r*;::t*»T#s. i, 

[0 0 4 71 r®»4®58IH-Ctt. X^UFBSa* 

ifi. 7;i'7T«©aJ»&§»t&tUT'b. 1}]^ 

r©«S1tja*h7>i?;^^'©HU-f 
«QE«l©«l2l«JEX»fiQE49©Qi[<SJBE(ce)£$n 

5. r©il6ft. Jl©m#a:Slh7>>?X^©HU'f >® 

[0 0 4 81 Sfc. :i®S4®S!MC«fcntf, ECLS 
50 BK:J:««^lcifcttLT. B-®i&a 
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(6) 

9 

[0 0 4 9] C1®J;5»C. i:®m4©«?aiC±tX«. N 

[0 0 5 0] mstoma 

[0 0 5 1] ;i®i55©5eMTtt. A*15IK«;£. 3U 

fflJ©*»®«SSS^«:<-r-5ri*fT?S«. 
[0 0 5 2] i:©Sl5®»Wrtt. ECLiaK® 

[0 0 5 31 c<om5<o^m-v\t, m*@Kffl* 

^S(fli@lft»3^ei&ie:^«t:^#V)®T. n.mifiMi» 
^^WiVr >7'0 h^®Bft#®*g^t?t>. ftfPita® 

[0 0 5 4] c:®»5®5!WT?tt, |(||jab&J:3 

&^fiU£ffi9®«jiSi«EEX»{£«J£<ei®«iK«£Ei: 
H^L. ::®yM:j?-7h5>5^X^'®3Ui'3'«»!&l! 
*^OJli:*tjS:ViJ:'5ltL-TVi.5®-C. 

[0 0 5 5] Sfc. ^:®^5®5!9gtftt, t5»L.fc<t5 40 
(C. ECL[Bll»®J:^(C«SS«l«>Li(lf^£j£S>S^«1'. 
*IC P'<;P*ei-r * C i:T»31iBi31«lf 5 «t ■S C l/T 

[0 0 5 61 J:®IB5®»MTtt. X*Iel 

ICitttLT. Stt£«9®ei2gll<>:ffiQ£E(B!l®flliSei<*:® 
IB)®«JBEII&xay^ffiti©^ffllH)®QEEffT^;&W 50 



?$H¥6-2 1 6 7 5 6 

S<-rsct*fc#, ISlo5!WJ:0t>fiiS»«*fl;* 
(0 0 5 71 J:©SB5®5!MTtt, A:t»@8Sffl* 

iuj£L/fc±5II. dW/Kip-^ h^^S^X^'® 

3 u ^ ^ ». a«IJBEfil©fi£i^x»ffiil£Efil©@ifiiii 
EfcH)£sn«. con*, c©n-fi}?-^h9>5?x 

ioTSetTLSl-J. W;^jg^©i&3St)E<ELTL* 
[0 0 5 81 Src, c:®^5©5IMICi:ntf, ECLIhI 

(0 0 5 91 j:®<t5Jc:, r®M5®!«?«lcJ:tx«, * 

[0 0 6 0] ll6©%qQ 

xmm^. mtiwm^v-TjmM^xmm^xis.^ 

[0 0 6 1] C®«6©«WTI4. AAlilBrtB*, 

BEfti®«s«EicB3tsn. aia!*i$ojit*%vi. r 

®|g«, ron-f h^>i^X^'»C:fett-55 

L. iaaiHlK®ft#S6< L. iraialK®UiA 

«i®^a!«««*ii>a<-rsj:t!8«T?#4. ufc*tt> 

[0 0 6 21 il®m6®55MTtt, ECLHK© 

affla*M^t!»o. ci©ji5i*ieuT"6>. iSjittsi^ 

[0 0 6 31 i:©»6©«Wtri4.-8(fifibfcJ:-5 
ic. A*lsI?IIK^&«ldtTSA'f:j?-7h^>i^X^'®ri 
^ rS' %iSt|£Effi9®«M^X»ffi«J£<BI©^liSlr 
B^U CO/X-f#-9h9>i»Xi'©3Ui'3'*tiSa 

[0 0 6 4] tfc. 2:©IB6©«MT?tt. fiOJfibfcJ;^ 
»C. E C L (UK© J; 3 »cm«g««A.S!(f^*iesS t-B-r. 
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n 

[0 0 6 51 mz, c:c!)^6<05!WrB, A^lHl 

dJtH^bX. S@£fi|(O@iIg«l^«ttiBEfll®€2iea:0!> 
S<-r«ilt*«T?#. «2cD36iHJ:»)t)fi«iaflAfl:* 
[0 0 6 6] *&. C0^6©55?9T?tt, AAHIKfiK* 

[0 0 6 7] Sfc. C:©JB6 05E?gtCj;ntf. ECLIhI 

[0 0 6 8] c:©<t5fc, i:©m6®«MICJ;tltf. N 

[0 0 6 9] SB7®^W 

S7 035!MS:aftfl:-rst. A*I1IK88*, 

*NOT|51te-^. ORlH|»^**«ldtSn5. 
[0 0 7 01 J:©i5C, C:©a7®«MT?tt, X*0 

-:^:^3'T?«*f-s±5icL'Tti-5*t, den 
»a«h5>5?Xi'©Hl/'-f>tt, K«Efi)©«iS^ 
X»ffi«Efl!l©@ii«£(:a£$n. ai9!$l$o::d:«t 

7-mm&u<b. MS:i5iis©fl?^s6< u mm^^ 

[0 0 7 1] ;:©l|7©5§§9T?tt. ECLIMte© 

[0 0 7 2] J:©a7©«?Srtt. WAHIMS* 

^»ffl|5l!S«ft^!fK®i^;^*t;*:^t>©T. MMifimiSi 
r >7 h^©afft1i5©«^Tt>. Sftf^i^© 



(7) 4$M¥6-2 1 6 756 

12 

[0 0 7 3] i:©®7®f!Mrtt. g3j!Eb«:J:5 
'f >«9ttiSfl©flfiaE3(»fi«EEfil©«il£i«EEt:B9 

10 [0 0 7 4] J:©IB7©5!MT?e. ECLIelK© 

•r^::tTaafflaSfT3J;5f::bTi»*©-C, fi««S 
T©8!ifP*«ff-r«iit*«T?#-5. Ufc*ttjr. z.<H!^ 

[0 0 7 5] j:©«7©«wr», a*® 

ii>i/T. iS«E«©«S(ii&ffi«jBEfii©«iai&©iq© 

ejEE^S V -XStr[©PI«Sra©«JBEKT^^fc*lt/h$ < f 
a? iCltdtt?^. m3©»l8J;0'bfiffi«aAfl:*H-5Jl 

[0 0 7 6] t®i{7©5SMTJ4. AAI18MB* 

fctA, 7;U7rS©:K»*S»t)5:tLTt), 11© 
h 9>5^:^i'© H P'f >ttfiSaEEffi©«jKfaBE 
Xttfi«)Effl©SSfflEtCB)tStl?.. C©«fm> d© 

h 7>-:?x^'© H V'i ><D^mi)^7)uy rmz 
J:sy7hX7-i::J:tjTK(ELTb*Vi, iH:^«^© 

30 \,\ vr^iifi^X, KV7hX5-Wtt*«S-r«Ct*t 

[0 0 7 7] C:®SI7©f8WfcJ;n»i, ECLEI 

[0 0 7 81 c©J:5fc. ;:©»7©«WKJ:ntf, * 

40 [0 0 7 9] msmmm 

*»W*> m8©5gWsa*iJft;-rst. A^aKffi*. 

[0 0 8 0] i:©J;5»C, i©«80«?aT?tt, A:^!JlsI 

>'X:5'-r«J^-r-5<t5tbTV»-5*^ CI©® 
#^llh7>>'X^'®HW'-1'>B. igmJEiJ®flSiaE 
Xttfi«MEffl!®«iS«JEIc@«3n, nm^n-octifi 
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13 

[0 0 8 11 C©IB8©«Mt?tt, ECLiagS® 

[0 0 8 2] C:©IB8CDfSMTe. ta^lalKgB* 

[0 0 8 31 j:©«8©«WTtt, 

-f >*S«£Effi!l©fl)SfaBEXBfi«£Effl30«JB«fflC@ 

;:©«ll!ta«h7>-:^x3'©HW>**iia£}* 
•pJ:i:j8«ftH±5ICL/TV^.6©Tr, ft«ffittK:J:S«£E 

[0 0 8 4] Sfc, ;i©IB8©S5WTtt. t5iSL&J;5 
Id. ECL|lIK©<fc5lcmjS«I«;it»fPSieJSi:l*-f. 

k'^jvs^-r s c i:Ta&a«iasff 5 i 5 1 1 t 
v>«©T, fi®STr©s&fp5£a[«-r«.ctjfl«Trs.5. u 

[0 0 8 51 2:©«8©«W-Ctt. XAia 

ttLT. a€fiEffi!l©SiSfi^^£@JEfif©€igli^©m© 

«£Eii* v-x«tt©w«ia©«EERT4^«»t/ha <-r 

[0 0 8 61 *fc. ::©ai8©a9!Te. A*lil»»* 
7;V7rS©]»»*SttfctUT'fe. r© 

®ff h 7 > © H >tt, iS®BEfli©maiQ 

£EX»««BEffi!l©'mil«EE(cS£;$n<&. ;i©lSJR. 
©®#ja« h 7>i^x^'© H yommifiTJiy rm 

Ha <b£<EbT u $ ^ & ^ «ffi]«t?e£^-r •& c & »ft 

(0 0 8 71 C:©SB8®»WCJ:ntf, ECLIel 

[0 0 8 81 ;i<D^^{z. ^©%8©!eQQICJ:ntf. N 



(8) ^$II^P6-2 1 67 5 6 
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[0 0 8 91 m9(o^m 

m9<onmii. mi, «2, ms. S4. ^ 

5. ^6. »7Xtt»8©5!M*^^r«fig■rstLT 

c:nsa(<^fl;-r-5i:. or/no Ria»-^. D 

OT-ANDHKIP, #ffl©l&310IS*«Hdcan-5C:t 

Jfl (00 901 rmc. ^1, ^2. S3. S4. ^5. 
ms. S7 2j^i;S8©ISi»(t. iiS]£tta:. 

rt*tT?#5fe©T*5;:t*^6. Cl®IB9©^|gjCJ; 

(0 0 9 11 ;4:te. IBl. S2. M3. 314. ^5. H 

6. S7. S8XBIl9©%e8lc:fcVJT. XAIalKBS* 

a? X^'iS, X5 5/3'Xtty-X;£*3i»RbT/S:S«Sc© 

dj-rs«-&. cn ea»:©/t'f :i?-9 h 9 >j?xi^xtt 
T5^l^^^»•&•r. «ii©¥3M*)iT«iis-r-&jit*tT?s 
(0 0 9 21 c©j:5icf«»&fcri, Jin6«8t©n 

-f - 7 h 7 > 5? X 5' X K 5 > X © 3 W 

i^^'Xtt H V-i >t«bT®S«JEE*BIJp-r-S«H&©3 

(0 0 9 31 IBl. S2. SB. S6Xttll9© 

5IMfc:teV»T. ffi»©®^&AAS*4J:3t««fS 
iB^. A*0»a5S«J«"r-5n'f#-9h9>S?X^'* 
«Sc©^-XS®ttT*5AW#-9 h7>>?X^T?«l 

(00941 m. ^2. S3. S4. S5. S 

6, S7. S8XttS9©»WI;::feV>T. tH:^lBlK85fc 

45 a»©3Ui;^««@a. aR®v-x«ffl@»xttn 

©3 ui^^'SainKssijjE-rsn'f >J*-9 h 7 ^i'xi' 

©nWi'i', »»©y-X»*l!!HiRS««-r-S@l|t3»» 

h 7 Vv'X^'© V-XXttn 3'S«lHl!SRt^y-X 

»ffli5igss«i(Kf «>A'f Ji?-7 h 7 >>?x^'&t;si?La 

*ffl©¥«»Brsii«T-s;it*»T#<5. 
(0 0 9 51 c:©J:5lc-r««^Ctt. zin^^Ui; 
9. HU-f >Xtt3U4'^'RrXHU>f>t:»l/TeS« 
50 BESHJtlI-rafc«>03>i'i'h««S«6-r2:t39tT?€ 
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[0 0 9 6] Sfc. mi, ^2. ^5, S6Xtt^90 

[0 0 9 7] ;icDJ:3ir«ijE£-r«<i^(:». A:4[i8Sffi 

[0098] 

[^it«si] eiT. Hl~H5 8*#fiabT. 3t:f8?g©® 

1 3 9 ^m»x}'y^%m\z^ ^msmi&t.^ 
[0099] mmm- -01 

7 ^iftsf^ 2 ©n i^i' ^'SffiuKt s^was 

[0 10 0] Jl©#NOT|pISSe. A*|5ISSIB*NPN 
h7>j^X^' lRt^Stiii;2d^5>fi:53 Wi'^'SaiilKa 

[0 10 1] n.^, 7\mmEm<DfmmEycc^^ 

1 o»di*M#x*Jtti*sn-5ai*a[i^T?» 
[0 1 0 21 ::©#NOT0»rtt, Ata**frS 

TLJ =-0.8 [V] . Thj =-0.3 [V] , «ig 
*fr&VCC=0 [V] , VEE = -2.0 [V] 
fc«^fc*V>T. A*m^A= FLJ ©»&. /-HI 
l©«ffi=-1.6 [V]. ta*(t^X= TLJ tti 
0. A*«^A= FHJ y-Kl l®«ffi 

= -1.1 [V] . tB*M^X= THJ 

[0 10 31 ilCfc, C©#NOT0»-Ctt, AAEItt 
aS^feNPN h^>>'X^' l*i^;ft-53lx'^'^'ft%|iIS&3 

^'*«iE«JKVCCfc:H)eU C®NPNh9>S?X^' 

l03^^^^'!(/t||a^&^5fcft:^,iJ;5lcbT^i•5. ciojs 

;i©NPN 1-7>>?X^' i»c;feJtS5 7-^ms;ft 
< L. gtt3lElK©tHAfil©^^£e< U. g93llKS©tii 

*«©*M[««»s^a<-r4rt38«T^s. 



(9) i^Hip6-2 1 6 7 5 6 

iff 

[0 10 4] C:©|^NOT®J8TB. ECLiaK 

»c±4«^©J;5JC«iS««A«f^*i2'St-B:r, *C 

[0 10 5] *fc, ;i®#NOTiMa-ri4, aiAiHiKas 

* P N P h 5 >S?X3' 4 A» sa-5ftWB»ffi*©:*:€rt» 
3Pi?^'»ifil5iK6TfllJSUTV»s. ::©«». ^mifi 
10 Sfi«-f>*»7r>7'>h^®Ji5fiW®«^T*>. »(P 

)SW[®ffiTs^*<-r-5c:t)0«Tfr«. bfc*toT. c 

[0 10 6] C®|fNOTia»ST«. tJML&J: 

A;^lsllS«8&#l)«-r-5NPNh7>i;x^'l®n 

wi^^-ssisaffivccKiHjeu i::®NPNh9>-:? 

20 [0 10 7] Sfc. ;i®lfNOT|eII5TIS, lOSELfcJ: 
ECL|5lKlcJ;S«^®J:5»Cflifi«lftAi!ifP£ 

sKst-a-r, mzv^}\^^^^^z.t.-cfsmms:n 

dJc^CL-TV**®-?, fifliS-c®l!ifP«i8«-r-5rt 

[0 10 8] Jl®#NOTI§!ST», A*IhI»« 

r «»cSv»N p N h 7 y-JXf 1 -cm LTl» 
c:©NPNh7>>'xi'i®ni/i'^'tt. ^jKft 

ffivccfcHjtsn*. c®iie*. c©NPNh9>5? 

30 X^l®3Wi/^'®^a*t7;V77SK:J:-5y7hX5 
-lc:J;oTR4gLTL.*V^ fflA©^X®ifeSI>bS<Elx 

[0 1 0 91 ;i®*NOTI5I»|Cj;ntf, ECL 

[0 1 1 01 c:®J:3Jc, ;i®JBiSliS«K:<tntf. * 

[01 1 11 %2^m' 'm2 
H 2 ». 3|:fein®s 2 iiifi0!i®K9ia»««-r@isBT 

^'»«lal»t. AW*l/'^Jl'*«-Srt-«<kdKy-X* 

»ifi ^ nfc® h 7 > v'X ^' 75^ ^ -5 y -X tt«lHl 

l/fc«^®lll«T».5. 
50 [0 1 1 21 C®NOT0»tt. A*0»aSNPNh 
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[0 1131 dONOTIsIK-ett, Affi^^fr* TLJ 

=-0.8 [V] . THj =-0.3 [V] . sas^frs 

VCC = 0 [V] . VEE = -2.0 [V] tl/fc«^ 

»C*ViT. A*M^A= FLJ y-Hll<0« 

ff=-i.6 [V] . m■hm^yi= thj ti^o. a* 

m^A= fHj ©«^ICtt. /-Hi 1«DIUE=-1. 

1 [V] . ui*«^x= TLj tas. 
[0 114] ::©NOTisiK-ctt. AAHg&ffi 

SNPN h5>5'X^' l*>&;a:Sni/i^i'»«lalK3T 
#lriibT«f»«. BP^, NPNh7>>?Xi'l©3Wi'^' 
S:fliS«£EVCCfC@^U HONPN h^^S^X^' 1 

*. C:©NPNh7>i^;^3'llC:feJt-55 7-^*S& 

<b. airsiiiK©m:^fl!i©ft?iir&ii< b. itissKotti 

*ffl©*iS««iS*jl>a<-r52:t*»T€-5. 

[0 115] C©NOT0KTe, ECLHgSfc 

[0 116] J:©NOT|5i?ST?tt, Mi^LfcJ;^ 

C. A*lBlBffiSS!jS-rSNPNh7>>'X5'l®3U 
i'3'««K«)EEVCCtH)£U ::©NPNh5>5?X 
^' 1 ©a W ^*«gSa&}$fcft V»± 5 t TVi5©T?, 

E-e©»f^*a«-r5wi*t-T?irs. uttifi^r. i&m 

[0 117] C:©NOTIfiI?5Ttt. «(riEbfcJ:5 

(c. ECL[pll&tc<J:'&€^©,fc^lc««E«7lftAi(ri^£^ 

[0 118] S&. J:©*NOT|5IKt?tt. A:«®»W» 

*7;i'7r«icii^iNPN h7>5^;^^' iTSIdtbTti 
4)0«, j:©NPNf«7>>'x^'i©3Pi'^'ta, mais 

flEVCCfcBJtSn*. ecus*, r©NPNh9>y 
1 ©3 l/'i^3'©g&ffl36»7JP7rfilCi-5V7 hX9 

[0 119] JlONOTSKCtntf. ECLia 



(10) #ra¥6-2 1 67 56 

[0 12 0] zcDjzoiz. z.<om2mmtinz^nii, n 

[0 12 1] ||3^fii9- -03 
Bl 3 a, 4:%9I©^ 3 lli&09©ldl!lBlR(&^-riBl%g)r 
•*?). IB1056M, IP*, raHf^^SSjai 

WCSsaStl&mi ©n'f:j«-5 h5>5?X3'*»6a5 
^l®3l/'i?3'»«|oigSi:, Affl:^l^'^;P*t-5l!f-5± 

10 5 ic 3 u ^ n«:^ 2 ©/\'-f ^-^h 
IBiVXii^tSim^i $I^NOT@8fticaffib;^«d© 

m2«qT*5. 
[0 12 2] C©#NOT|IIS»tt. AAia»9SPNP 

Kl 7-Cfl|j«U ta*IaFKa5ICNPNh7>i^X^'l 8 
arXfilf; 1 9 *>e&S3 Wi^^'ftaiaK 2 0 *l8tfT& 
5"l>©'Cft«. 

[0 12 3] i:©*NOT|5J»rB, Affl:^»*ft& 
a? rLj=-1.7[V], THJ =- 1. 2 [V] . ffiSE 
*ff*VCC = 0 [V] . VEE = -2.0 [V] tV 
fc«^fc*l/>T. A*«#A= fLj (Om-t. y-H2 
l©liBE=-0.9 [V] . ffl*©^X= TLJ 
0. A*M^A= THJ ©«^lctt. y-H2 1©«g|£E 
=-0.4 [V] . aAM#X= FHJ 
[0 12 4] CZ\Z. ^®#NOTl5IS8TB, A*IhI» 
ffl&PNP h^yi^Xi^l 5i>^&/i^aUl7i/m^m!^ 
1 7T?«J«LTVi«. Hl-fe. PNPh5>S?X^l 5© 
3Ui?^^&Sfi«JEEVEEICH3tL. r®PNPh^> 
3» 5?X^'l 5©3W;>^*t^3S*l§&;5tV^J:5»CL.TV> 
^:©IS*v J:©PNP h7>>'X^'l 5lC:fc(^-5* 
5-««*a<L. l8il:@K©ta*fflJoft«rS6< u 

[0 12 5] J:©#NOT@ISTtt. ECLiaK 

lcJ:^.«-&©J;5<cajg««Aa!ifPSi£Mlt«'r. 

40 [0 12 6] C©#NOTIsI»TrB. ffiAIelKfiS 

*NPN h7>$?X^' 1 8*»^ft:-5ft«fBiftlB*©:«i:$ 

vow4?^'«faiaB2 0Tffflj34UTt>«. Ji©iis«. ft 
»f^a«©fiT«'>34<-rs;it*^T^s. UiTo&to 

[0 12 7] Z(DmOTmKr\t, flj^tfci 

3l/i;:J'SflligffiJEVEElC@ffiU C©PNPh7> 
» S^Xi'l 5©3Uiri'j9»iaaS»i&:a:t-»J:3fcbTt>S 
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[0 12 81 *fcv J:©*NOT@j»Trtt. B85£l/fcJ: 

ECLlElKlCck5«^oJ:5tc:aK««A«iff$ 

10 12 9] ;i©#NOTI5IK-CB, AABgafi? 

C®PNP h5>vX^' 1 5©3l/'^'5'tt. S 
jfifMEVEEfcHSSn*. ;1©1S»» Jl©PNPh7 
1 5©ril/ir^r©afea*»7JV7r«KJ:«V7 
hX9-CJ:-pTK<teUTL*V». aiA©#X©ifea'b 

[0 13 01 ;:©#NOT|iH8fcJ;ntf, ECL 

[0 13 1] r©®3^ifi«fijizj:n«, # 

NOTlHlgSlC^liT. gSiittt. iiSV 

[0 13 2] f^Amm&i- -04 

a 4 ». 2^%^©IB 4 llig«©S6iSlHl8&%r^-ri3l»»-p 
b&®&©®2«fST*S. 

[0 13 3] c:©NOTIl|jStt. AAHIISffi&PNPh 

17-Cfl!^L, a*|HlJ!S8?JCpMOS h9>>'X^2 2 
&lXaEft2 3j&i6a<&V-;^SE«!ISl»2 4€a»tT** 

[0 13 4] J:®NOT|iI»-ptt, AW:^l*ff=* TLJ 

=-1.7 [V] . THj =-1.2 [V] . mas^ffs 

VCC=0 [V] , VEE = -2.0 [V] 
C^lrST, A*©#A= TLJ ©«■&. y-H2 1©« 
flE=-0.9 [V] . ffi*©^X= THJ t&D, 
m^A= fHj ©S^lCtt. /-H2 l©e£E=-0. 
4 [V] , ^■f]mnx= FLJ 
[0 13 5] CCIC C©NOT@»-Ctt, A*I1K« 
*PNP h7>i>X:J'l 5*>^;ft53l/'i^^Sai5Ii»l 
7T«fl5UTV»i. m*. PNPh7>5'X^'l 5®3 
H'^'SfSiSfiMEVEEfcS^U J:OPNPh7>-:; 
;;^^'l 5©3U4r^^«i|&a*»fc&v»J:5K:UTV>5. 
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Z.<Dm^. C:®PNP h7>>'X^'l 5IC:*(tS57- 

a*'£ft<b. waiii»®ai*ffl®ft?sr*6< u. laa 

[0 13 6] C:®NOT15I»-ptt. ECLlHliSIC 

J:S«^®J:3»caie«>«SAI!rf^Sji5>St-tt-r. 

[0 13 7] S&. r©NOT|lIK-Ctt, iJifibfcJ:5 
fc. A*l3J»fl8&«|j«r«PNPh9>5?X^'l 5©3 

ui'^'sa^affiVEEicH^u ;i®PNPh7>-:^ 

;^^'l 5®3l^i'^'*t|&a*J$fcifeV»J;3l'UTViS® 

aSflJEET®i!ifP*tt«-r<5J:t*«-p^4. bfc*«oT. 

[0 13 8] ^:®NOT|Bl»Ttt. ili£bfeJ:5 

(c, E c L J:.&«^©J: ^ 

j:5»cuTt»«©T. fims5T®iSfp*tt»-rsrt*t 

[0 13 9] ^©NOTHKTtt. A^JlUKIISS 

7JP7 7«»cmiPNP Vyy-JT.^ 1 STfllldSbTfri 
C©PNPh5>5?Xi'l 5©3H'3'H:, 

sffiVEEtajesns. ji®iBii, j:®PNPh9> 

T. i9y7hx7-»tt«:§ss-r4;it*«T?€«. 
[0 14 01 Sfc. ::©NOT|pi»cj;n«, eclh 

[0 14 1] C©±5K. ;i©a4SS««fcJ:ntf, N 
[0 14 21 ^SfSm - -BS 

H 5 xi^^mom 5 iiigw®i&aEiK**-ri5iKHT* 

aislKt. AW*^'^;l'*»-HBrr-5J:5K:3H'i'S3flS 
[0 1 4 31 C:®#NOT[§K«. AAlHlK»i£nMO 

s h^>-:^;^^'2 5»,r;fifi2 ed^eifts Hu-f >s» 

|5IK2 7Ti»^U ta;?J|5IKfiStPNP h7>v:^^4 
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[0 1 4 43 dW^NOTIUKTtt. Affl:^*ft& 
rLj=-0.8[V]. fHj =-0. 3 [V] , «ig 
*fr*VCC = 0 [V], VEE = -2.0 tV] tL 

8<oe£E= - 1. 6 [V] . mA®^X= FLJ tft 
0, A*0<fA= THJ ©»&fctt, /-H2 8©«EE 
= -1.1 [V] . tB*©#X= THj 
[0 14 5] Z.Z.\Z. C©lfNOT@»Ttt, A^IelKl 
gSSrnMOS h7>j^:^3'2 bU^^U^YV'^ 
!IS2 7T«J*l/Tt»«. HI^, nMOS h9>5^:^^'2 

h 7 >-:^X 2 5 ® H U'f >dta&31*J$fc;a:V» J: 5 C L- 
Tt»5. J:©ilS«. C:®nMOS h9>>'X^'2 5C* 

<u. waiiigs®ai*<i©*»«««[Sii»a:<f -set 

[0 14 6] C:0#NOTI5lKrtt. ECLIIK 

[0 14 7] r©#NOT|HlKTtt. W:^l5l»l«8 

« P N P h 9 4 *> 6&«fi1l5BIMB*©** t> 

»ffi©fiT*^&<fS2:t)9*T€ra. ufc*«t>T. £: 
[0 14 8] Sfc. c:©#NOT|pjter«. imx^Tz^ 

^\Z. A*IsI»«8S:«l*3E-rSnMOS h7>-:?:^;5'2 5 
©HW>S««ii®£EVCCfc:H)eU C;©nMOSh 

b. fi«iESflET?©afP*tt«t--5i:i:j9«r#<&. hit 

[0 14 9] C©#NOT[ll!STtt. WkEU&J: 

ECLIslKfc.t-5«^©i;5tC«S5««>lBf^* 

[0 15 0] sfc. j:©#NOTiHiJSTtt. A5!jia»aJ 

Tl»5*». fct^. 7;k7r«©iK»*SJtS:tUT 
"b. C:©nMOS h5>>'X3'2 5©HU'f >tt. €SC 
«JBEVCCICEa5£^rns. Jl©il6*. C©nMOSh7 

2 5©HU-f >©l&ffl*<7;i/7T«c<t*y7 
hX5-»CJ:»3K<EUTb*V». a*e^X©iSS.feR 
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[0 15 1] tfc. c:®*NOTI5I)»KJ;n«. ECL 

[0 15 2] zL<ii^o\z. z.<ii%hmm9^\^^n\t, 

10 [0 1 5 3] meiygfq- -Be 

ei 6 :«:9e<»©ti 6 mtm<oisimmni^^-rmi^s-c 

Wfcaasn&mi ©fl»^»h7>'-:?X^'*>6;&:4 H 

SNOTOKicail L&«^©il 1 
[0 1 5 41 C©NOTia»B, A*l§J»a5€nMOS 

a; K2 7T?«!l«U aiAI§K»lCnMOS 

2R«Stfil 3*»6ftiV-X»«llHl»l 4S»ttTJa: 
%<b©tf%^. 

[0 15 5] ;:©NOTlHlgSTtt, XffiA^ftS TLJ 
= -0.8 [V] , THJ =-0.3 [V] . «JB*fl:=£ 
VCC=0 [V], VEE = -2.0 [V] 
JC:teViT. A*M#A= TLJ ©«^, /-K2 8©« 
JBE=-1.6 [V] . tfl*®^X= FHJ tao. A* 
ffl#A= FHJ ©«^Ctt, / - H 2 8 ©«JEE=- 1 . 

1 [V] . tiiAffi^X= PLJ 

50 [0 1 5 61 lirir, 2:©NOT|iIteTttv A*leI?S« 
SnMOS h5>i?X^'2 5*»6ift-SHl"f >»fflI§iS 

2 7Tfl!«LTV^<&. BP*, nMOS h9>>»Xi'2 5 
©Hl/"f >*SJI«EVCCICHJSU C©nMOSh 

ViS. i:©IS«, J:©nMOS h5>5?X^'2 5IC*»t 

55 7-?s«**< u. ian:iHi»©tfi*<ii!)©ft?i!r*e< 

WaiHl!S©Ul:^«©*»e«8SS^)a:<f 5Ct*t 
TITS. bfc*<oT. Biiitt*IISt-«J:t!0«T?€-5. 
[0 15 7] *&, ClWNOTIigRTtt, ECLHRIr 

[0 15 8] ^©NOTIslKTftt. IO)Sb&J:5 

IC. AABKffl&WjStfinMOS h5>>';^5'2 5© 
HUOSaSitaeEVCCfcHjeU i:©nMOSh5 
>i^x^' 2 5®H W>*^saa$^fc;fii»J:5»cLTii 

fiasmiET©»f^si8«-r5::i:*»-c€rs. 
50 T. ttffiSMIAtt*5liBt-sc:t*t7r€?«. 
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[0 15 9J JKDNOTEJB-Ctt, KIifiLfcJ:5 

tr. ECL|HlKlc,i;S«^©J:^C®iS«)ttx.I!ifP*i£J 

(0 16 01 CONOTlHlK-ptt. A*|5|»BS* 

C:®nMOS h5>v'X^'2 5©HW>tt. ftJIS«ff 
VCC»wH3£$n-5. C©nMOSh7>>? 

x^' 2 5 © H n" >©a&a«»7;w7r«KJ:*y 7 hx 

[0 16 1] J:©NOT|BJKlCJ:n«. ECLIU 

[0 16 2] r©J:5lc. c:©ll6^Jg«qcj:n«. N 

[0 16 3] %7^m - - mi 
H7tt, *5s?g©»7iiifi«®iaai5i»s*T@»H-r 

OT|HiK»c2ffl L/fc«^®IB 2 «!9-C*S. 
[0 16 4] J:©*N0TI1K14, A:<JliII»BS*pMO 

I5li83 4T«]«L, ffl^imKaStNPNh^^v'X^'l 

ft**©'?**. 

[0 16 5] J:©*NOT@?STtt. Affi**«=S 
rLj=-1.7[V], fHj =- 1. 2 [V] . SiS 
*fr*VCC=0 [V] . VEE = -2. 0 [V] tL 

5©ffiS=-0.9 [V] . taAfi#X= TLJ tft 
D. A*e^A= THJ ©«^IC«, /-H3 50«£E 
= -0.4 [V] , mi}^^X= FHJ tlt^. 
[0 16 6] H^IJ;:. ;i®#NOT[Hl»Ttt. X*lil» 
fiSSpMOS h5>i?X:5'3 2*»e;5:SHH'>ffi»|5I 
K3 4-T?«}j«L.Tt>5. fiP^, pMOS h7>i?X^'3 
2©HW'f>^ftSiQfiEVEEfc:S]gb. C®pMOS 
h 5 >-:^X ^ 3 2 © H U-f >*tg&S*j$&:^V^ J: 5 1 U 
T^i*. C:®«S«. C:®pMOS h5>i^X^'3 2lC:fe 



(13) #HV6-2 1 67 56 

<u fitraiiK©ttiAia©3fett«ttft$^i^<-r-sc& 

[0 16 7] Sfc. e:©#NOT@iiS-rtt. eclihijs 
T. i&masimi&miii^mv&r). j:®;isc*>6UT"b. 

[0 16 8] Sfc. C©#NOTlBlKT?tt. tilAIsIiSSS 
J6» SNPN h7>v'X^' 1 Sdi^as^^SfBaiE:^®;*:^? 
V»3l^i^^«SaiHl]«2 0-m«l/TV»^. ZL<0^m. A 

S!lf^i^a®fiT*^J&:<-rSC:t*tT€fS. 

[0 16 9] Sfc, J:®I^NOTia»-Ctt. M^UfcJ; 
AAIelKfiP*«^-rSpMOS h7>-:^X5'3 2 
OHW >*IIS«EVEEJca3£U C:©pMOSh 
7 >$?X3' 3 2 © H U-f »8«lfea«»&a:V»* 5 UT 

b, fiflSiiS£ET©IMP*ll»r*rt*tT#S. b& 

[0 17 0] C:©*NOTlIiS-C«, ECLlHiK 

tcJ;^.«^©J;5t«tg«^xffiif^^&i8:^SIt-a:-r. 

©•c. fi««T®fti^«««-r«Jii:*»r€r«. 

[0 17 1] *fc. ;:®#NOT0»T?B. x^iaaaj 
a? ST;u7r«icafiv»pMosh7>>'x5'3 2-c«i«b 

t). j:©pMos h7>5^xi'3 2®Hw-f mm 

«BEVEEICH^ans. J:®IS«. COpMOSh? 
>>'X^' 3 2 O H W >©ISS*t7;U7 r «IC i -5 y 7 
hX7-»CJ:c>TS«ibTL.*«rK tH*ffl^X©i&a>b 

*t^T, !eSV7hX7-Wtt*^i-SJlt36«Tif*. 
[0 17 2] Sfc, ;iO*NOT@KlCJ:n«, ECL 

[0 17 3] ;i©j;5»c, ::©»7^0gicJ:n«, # 
[0 17 4] fRsmmm- - as 

B8», 2^fBn©SB8|lliefll®»ll|38($^'rmB-7 
50 U'f >SS«0Bt. Xm*W'<;U36«HR-r5J:5fcV- 
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sNOTiaKfca^ htcWi^mm 2 

[0 17 5] ;iC!>NOTgIIS». AAIaIISffi£pMOS 
B3 4T?«j«U WAHIPSaiCpMOS h7>5^X3'2 

[0 17 61 C©NOTIll(5T?tt. Affl**fr« TLJ 
= -1.7 [V] . FHJ =-1.2 [V] . HiE^fr* 
VCC = 0 [V], VEE = -2.0 [V] 
t:feV)T. X*#^A= FLJ y-H3 5©® 

ffi=-0.9 [V] . ffl:ft«^X= FHJ tifeD. A* 
fl|#A= FHJ ©«-&fcf4. /-H3 5O«K=-0. 
4 [V] . mAM^X= TLJ tft*. 

[0 17 7] rciJC, CKDNOTHKTB, AAHKffi 
SpMOS h7>>'X^'3 2*^^ft:2.HW-f >»«|3lK 
3 4-C«ll«lxTVi«. fll^, pMOSh9>i?;:^3'3 2 
©HP-f >S:ffiil«£EVEEtBJtU, llWpMOS h 
7>5?X^'3 2©HW'f >*nSa*JtfcftVi±5CLT 
l-i*. C©iie». J:OPNPh9>5>X^'3 2IC*Jt.S 

[0 17 8] C©NOT0ISTtt. ECLHKte 

J:5«^©J:5lcmSfEiW«i^S!if^SiJi'Si:-&-r. 

[0 17 9] JlWNOTIslK-ptt, mmbTz^'^ 

IC. A*l5lKa6*«ljS-r-5pMOS h7>i?X^'3 2© 
HW >*«RmEVEEfcHffiU COpMOSH^ 
>>'X3'3 2©HW >*«gfea?&^Jt;ftVi<t5ICLTVi 

fi«ilg«BET©l(|fP««l8-r«J:t«»T?#S. Lfc«to 

[0 18 0] c:©NOT15lK7!«. SaiELfcJ:^ 

(c, ECLIslKlCci:'&«^©^^lcSSS«lft;^ihf^&i£S> 

[0 18 1] Sfc. i:©NOT|Hl»-Ctt. A:^lal»g»* 
7;l'7r«lCKV>DMOS h7>>'X^'3 2T»I^LT 

ti<&)e«. &tA> 7;w7Tii©»»ssft&tUTt>. 

i:©pMOSh9>y:!^i'3 2©HK>l4. 

VEEicH^^n*. :i<otSm. e:©pMOSh7>y 
;^ ^' 3 2 © H i^-f >®iSffi«J7;P7 r «»c J: 5 y 7 h X 



(14) 4i5M¥6-2 1 6 7 56 

25 

[0 18 2] Sfc. C©NOT|lIKtJ;n«. ECLIsI 

[0 18 3] z.(D^v\z. comsm^miz^tm, n 

10 [0 18 4] m9mB&tfi- -m 

»9». *f6n©m9^«i©ifta!i3»$^-ri3isgaT 

^^wi", nso^w. BPS. 

Wk:»«sn. '^-x^&A^iSi-rsigioyWsi?-^ 
i^xi'fflxs 5^ ^'fcsasan. Am* P'<;v38«-a:r<& 

J; 5 »c 3 U ^ ^' nfcIS 2 ©/ W 7 

fsmmi&i $#NOTgij»(caffiu&»&©miMT% 
•5. 

a? [0 18 5] il©*NOTlHl85tt, A:^Ih1K««. nV' 
i'*'*VCCSa5E«7CSSiRSn, X3 5;^'S:PNPI> 
9 >J?X^' 4 ®'^-X«C««Sn&N P N h 
ITffllKU. ffl^IsIKfflJCPNP h7>>>X5'4R?/fi 
Iri 5 iS^^1t^zi\^i;9mm^ 6 StgttT/SS t>®T«& 

[0 18 6] ;i©#NOTllllTtt, Affl*^fl=* 
FLJ =-0.5 [V] . FHJ =0 [V] . «aii*# 
*VCC = 0 [V], VEE = -1.2 [V] tbfc« 
^IC:teV»T. A*©^A= FLJ ©«B^. NPNK^> 

59 >?x^'i©x5s/3'tta£=-i.2 [V] . m-hmnyi 

= FLJ t«:0, A:^fi^A= FHJ ©«^K:tt. NP 
Nh7>5?X^'l®X3i'^'flJEE=-0. 7 [V] , ffl 
Afi^X= FHJ t&S. 
[0 18 7] CICIC, J:©*NOTlHlKTtt, AAlHlIB 

3Vi'^'*vcc«B»7fc»aisn&NPNh 

«!ri6-r-5N PN 1 ®3Wi'^'S«S«EV 

CClCHffiU wONPNh7>v'X^'l®:3W5'3'!6« 

40 h7>>^x^'iic*its5 7-3J«s&<L. itrsmis 

©ti>Afll©Al$%6< a9@:@IS©UAffl®^&«« 
[0 18 8] Sfe. r®*NOT@?S7ftt. ECLUlte 

[0 18 9] Sfc, J:©#NOT|pIB-Ctt. tUAEKIS 
SO *PNP h5>i^Xi'4*^6aafiil5BS6IB*0:**V> 
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2f 

[0 19 0] S&. rrol^NOTHlKTtt. SOSEbfcJ: 

ui'^'sasaflEvccfcEasu c®NPNh9>s? 

[0 1 9 11 ^fc, ^Ol^NOTlHlK-Ctt. fiOxEUfeJ; 

[0 19 2] C:C!)*NOT|5|BT?tt, A* 

E EmiSei 8 tCDBJCN PNh5>v'X^'l ©ft^^fija 

*NOT|aKK:tt«UT. VCC«iH»7tVEE«ji 

«8 t©ra®«£E|g£NPN h5>>?X3' 1 ©ftWfiJfi 

[0 19 3] ::©#NOTI5II&-e»*. A*lelB« 

sy;!'^ T»fcav»NP N h 5>i?xi' 1 r«j«bTVi 

4*t. c:©NPNh^>>>Xi'l©3Ui^3rB, 

ffivccic@«$n-5. c:®iie«> r©NPNh^>':? 

X^' 1 ©3 Wi':J'©gfta**7;i'7r8CJ:-5V7 hX7 

[0 194] 2:©*NOTiai»t;:J:ntf, ?B1* 
[0 19 5] ;i©J:9lc, z:o)f(i9^m\z^tVii. # 
[0196] ^IQ^Sm- -BIO 

0 1 0 tt, *^?g©ii 1 0 iii6M©i&aiHi?&*^-ri5i» 

HT*0. S6©«W. BP^, rzil/i^^'^ 

SfffiWKaiffisn. <-x«A*jat-r5n'f3i?-9h 
sy-xsjfiiHiistsaitTasaaHisj *notihi 



(15) ffffl¥6 - 2 1 6 7 5 6 

SSJCfiffl bfcJ©^©® 1 «T»-5. 
[0 19 7] ^©NOTIsiKtt. A:^Jl§Kg8^. nuir 
^'&V CC«iS« 7 fcftttSn. X5s/^&nMOSh 
7 ^i'X^' 1 2 ©y- McSBRStlfcN P N h 9 >i?X 
^'ITW^b, ffl:^@?SS8»CnMOS h7>i^X^'l 2 
^XmSi 1 3 *^ V-X»»0K 1 4 ^WOfXIS.^ 
t)©Tr*«. 

[0 19 81 CONOTiaBTtt, AfflA*#* TLJ 

=-0. 5 [V] . THj =0 [V] . mm^fF^yc 

10 C=0 [V] . VEE = -1.2 [V] tL&«^C* 
V^T. AA©^A= FLJ ©«■&, NPNh9>i?X^' 
10X5s;^'«£E=- 1. 2 [V]. ta*ffl^X = 
fHj t.1S.K>. A*ffl^A= THJ ©<fr&»Ctt. NPN 
Vv>-J7.9\<OJLS.vif%r£=-Q.7 [V] . tHA 

m#X= FLJ ta*. 

[0 1 9 91 c©NOT@K-ea. AAiaKffl 
3U4^^';&vcc«iKa7cssiK$nfcNPNh7 

l^-rSNPN h^^v'X^ 1 ©riVi'^'i&«ig«JEEVC 
20 CIC0)£L, J:®NPNh7>>'X^'l©3W47^'*ta| 
aSfif&&VJj:5tcLTV»«. c:©|g*, ::©NPNh 
^i'J^Xi'i 5 9-««*«:<U «rgi:l9!»© 

[0 2 0 0] C:©NOT(Hl»T«. ECLIelKIt 

.fcaw^©^:^^^^^^^^^^**^.®^*^, midV 

[0 2 0 11 c:©NOT|5|K-ef3:. ifi6LifcJ:5 
fc, A*l§IISB5*«l«T-6NPNh9>5^X^'l©nW 
i'^'*«8SSJEVCCtcH3£U e:©NPNh9>J?X 
^' 1 ©3 ^'iiti&ii&JtfcJSti* 5 IC l/T^»-5©T. 
ft1Sffittfc*S«BEBT<i:Vi3«tt*;a:<U «««« 
IET©8!if^*fil«-r«J:t«tT#«. bfcdtoT, ffilS 

[0 2 0 2] c:©NOT@KT?tt, iliSU&J;5 
fc. ECL®)»CJ:«Jfr&©J:i3lta«««ft^»fP*iS5. 

±5»cuTvi-5©T. ffiSigT©«if^sa«-rsct*< 
[0 2 0 31 c©NOTi5iKTtt. xfim 

Wt«S«dE-r-5 N P N h ^ >i?X^ 1 ©X5 y ^ t V E 
E«ji« 8 t ©WtN P N h 7 >i^X3' 1 ©ftlSrStt* 
g5iK-rsi5lc»iLT(ri;4v>. i:©|g«, H2tc^-rN 
OTHKJCttttLT, VCCSjK87i:VEEf|iK«8 
t ©ra©«flES&N P N K 7 >-:^X^' 1 ©ft#»Ji 2 © 

flo wiSlBI©«BEBT^^^:^^/^a<■rs^:t«^c€r. H2fc 
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SfNOTIlRJ: 0 "&fi««e*fl:SH-6 C t*»T# 
[0 2 0 41 eiWNOTEIKtTtt, XijM^^^ 

[0 2 0 5] ::©NOT|iii»icJ:n(f, |g2^ 
[0 2 0 6] j:©,fc5Jc, oslJg0ilic±ntf. 

[0207] ^1 ISIJfiW- -01 1 

SES5Mtc«a3rn. '<-xsA:^j«a:-r-5^i©m^? 
r « i 3 IC3 *3?»wic»«!a n&» 2 ©n-f ip 

&I^NOTIlCSicSffib;(E:«^©m2«q 

Tf*5, 

[0 2 0 8] C©*NOT|5I!^li. A*ia!S«S&. 31^ 

7>v'X:J' 1 8©'<-XJC»a!$n>i:PNP hvyVT. 
^15T«|J«U U*iattfiBfcNPNh7>y>^4'18 
Rl/Sttl 9*»6ft43V'i'3'tt«@»2 OSKJtTft 
•St>©T*4. 

[0 2 0 91 i:©*NOT|g|»-CH, Affl**fl=« 
FLJ =-1.2 [V] , THJ =-0.7 [V] , ©iS 
*ff=«VCC=0 [V] . VEE = -1.2 [V] th 
fcii^{C*V>T. A*M^A= TLJ ©«^, PNPh 
9>S?X^'l 5©X5!/i'«ff=-0.5 [V], ffl* 

m^x= FLj tit*). xtimm^= thj ©«^f»c 

tt. PNP h7>v7.^ 1 5©X^ .y3'aH=0 

[V] , ai*«#X= THJ t/a:*. 

[0 2 10] ^.Cfc. C©*NOTI5H»Ttt, X^HhIK 
8?S. nWi;^'*VEE®JIS»8KS^$nitPNPh 
7>i?X4'l 5-C«J«l/TH-5. H)^. C©A*lsIK» 
*«l*-r-5PNPh5>i^X^'l 5©3Pi'^'*«a5itS 
ffiVEEIcEaeU ::©PNP h7>v'X^'l 5©3k 

i'i'*«»aS:i$&;teViJ;5fcLTi.»«. ;i©Je*, c© 
P N P h 7 ^'i^X^' 1 5 lC*»t-55 7-3»*«a:< U 

«[S:iiB©A^«6< «[a@is©tHAin©^£tt«ie 



(16) 1f§8¥6-2 1 6 7 5 6 

X) 

[02 1 11 tfc. C©#NOT@aTtt. ECLIIIK 

[0 2 12] Sfc, ;1®#N0TIHIK-PW, m:^iBiiSffl5 
10 ^v3^^^^'»a(5]^S2 OT?ffl«LTV»s. ;:©««. ^ 
»lf^aa©fiTSil>a<-r5:ii:d<T€-5. 

[0 2 131 Jl©#NOTliIj»-C». WiSUfcJ: 
51::. A*lHiBffl&«^-r-5PNP h7>-:?x^'i 5© 

nUi'^'SSaiftJEEVEElcajtU Cl©PNPh7> 
-J^X^'l 5©3H»^')0«|&asiSfc>a:lr»J:5fcbTV»5 
©r. ftil^a«lcJ;5«£EKTtV>5«m:&itt<U fi 

a) ®jE«BE-p©afp&tti8-r-5iit*fr$-5. 

[0 2 14] C:©#NOTl5l»T»i. m&hlt^ 

ECLlHlK(c<fcS«-&©J;5ICflii2«iftAKifP* 

3J:5fcbTVi«©T. ffi«j«T?©«f^*«»-r«i::t 

[0 2 15] WK. C;©*NOT0l8rtt. A* 

llI»aS«j«-r«PNP h7>5?X5'l 5©X5 5/^'t 
VCCSKi»7t©KICPNPh7>i?X^'l 5©ftl^ 

7R-r*NOTia»fctk«!LT, VCC®R»7a:VEE 
SiS«8t©M©€fEg*PNPh9>>?X^'l 5 ©A 

1 6 ©PiJ8ia©«BEKT»y£»t^a < -rs t*j 

Tf«. H3fc*-r#NOTl5i(|j:Dfcfi«»«:*fl;SH 

[0 2 16] sfc. c:©#NOTiHiKTtt. xtimim 

ST^P^rSKlSV^PNP h5>i?X^' 1 5^«l)«bT 
V>.B*«. Z:©PNP h9>5?X*'l Bonvi^^'ttaji 
4» mvEEicS^^rns. r©i|g«, ;i©PNPh^> 
VTs^l 5©3P'i/^'©iS3a*»7;l'7T«K.fc-5V7h 
X9-»CJ:oTR<El/Tl.*t». m*©^X©i&at)E 

t>T. lgiV7hX7-i»ttSSl;it-SJ:t*tT^S. 
[0 2 17] C:©#NOT@Kfc<ttltf, m3SI 

[0 2 1 81 c©J:5ic. ;i©mi i9^«lcJ:ntf. 
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[0219] ^\2Wm- -012 

Bil 2 a, *mi<j>m 1 2mm<o^mMVi^^f'm 
X 5 csjRs n, Ata A w'^;v*J-s-r 5 .1: 5 icn 

t&iSt^TaSiiaillKj *NOT|sI»»CBfflLfc«^ 
®^2«T?»«. 

(0 2 2 0] ::©NOTisH6tt. x-nm^^. DUi; 

i'*VEEfi|ji»8»cS5ttan. XSyi'^pMOSh 

1 sTSiisi/. ai*ia(saicpMos h^>-:^x3'2 

2 RrXfitFi 2 3 y-X»«l@» 2 4 SKIRTS: 

[0 2 2 11 CflDNOTiaiSTtt, Atfl**fr* fLj 

=-1.2 [V] , FHj =-0.7 [V] , mmm^ 

VCC = 0 [V]. VEE = -1.2 [V] 

x^'i 5®x5s;^'«E=-o. 5 [V] . taijm^x 

= THJ t;ftO, A*«^A= THJ ©«-&ICtt, PN 
P h7>i?X^'l 5CDX5 .y^'e£E=0 [V] . 

[0 2 2 2] Z.C\Z. ;i©NOT|lIK-T?e. A:*JlHlKSg 
Sr, 3Pir^^&VEE«jl8S8t:g5tta*lfcPNP h7 

«|*S-r-5 P N P h ^>5;xi' 1 5 ©n Wi7 ^r^^igflUE 
VEEtCH^L. rcOPNP h^^S^X^ 1 Bwaw-^ 

^'**§sa&j$fcafci.fc5i;iLTv»4. j:©i(Sft. cop 

[0 2 2 3] :i©NOTIiIKT?e. ECLHIgSfc 

[0 2 2 4] C:©NOT|3»Ttt. i})£b&J:5 

»C. A^)lHlB»S««t--SPNPh9>i?X3'l 5©3 
Wi'^'*«iBtaEEVEEfcH)£U C:©PNPh5>5? 

X^l 5©nWi7 3'36tiSa*^fcJftVJj:5»cbTV>-5© 

jfitij3tT©»f^*i««r*cfc*«rfr*. bfc*»oT. 

(0 2 2 51 C©NOT[BI?STB. t9i£bfc<t5 

«C. ECL|5lKCJ:«>«&Oi^lw«8g«ift;iBli(^S!iJ 



(17) 4$fflJF6-2 1 6 7 5 6 

i5K:bTV)*®T. ft«lifiT©S!if^£Ji8«TS::t*« 

[0 2 2 61 mz. J:©NOT|lj8T»4> A*ia 

»»*«lfS-rSPNP h5>vX^'l 5©X5>y^'tV 
CC@JK«7t®miCPNPh7>-:^X^'l 5©A#fi 
inLS»llSrr«J:5fcttbTt^&V^. 21 ©IS*. H4fc* 
TNOTlHlBJritiJSbT. VCC«SMl7i:VEE«SE 
iB8i:©ra©fteg*PNPh7>>'X^'l 5©ft#fi 
10 ^16 ©M«m©«£E»Ti>fc*W/h$ < f -S ;i 

fr, BI4iC^-rNOT|pIKJ:D<&ffitgft«A^«H«r 

[0 2 2 7] J:®NOT|iIKT«. A*lHlKfiR& 

y^P^r^CIHriPNP h7>>>X^' 1 5T«|^bTV> 
^ifi. i©PNPh9>i^X^'l 5©3l'J^^'«, flM 
S£EVEEfcH^$nS, C©«i«. C:©PNPh5> 
v'X^'l 5©aH'3'©|&a**7;l'7 7«»CJ;iV7h 
X9-ICJ:oTS<EbTb*K ia*ft#X©»a%)E 
<EbTb*5tv^5«fffi*<55^-r5;it«;*Vi, b&*t 
a? t)T. ssy7hX7-»tt&*a-ract*tT#«.. 

(0 2 2 81 Il©NOTlHlKlC±ntf. ^45118 

«lcJ:i«^lcttlS!bT, ^iSi^^m'Hk-v. K-©»a 

[0 2 2 9] j:©J:5fc, c©||i 25afi«fcJ:ntf. 

■pfra. 

(02301 ^ISHifiW- -013 

5£> 0 1 3 *5s?a©m 1 3 sas«©isai5iB*^-r[e«s 
5e«twfc«ia*n, y-h*A*sBfr.6«iiij»«h9 

(0 2 3 11 C©#NOT@iStt. A*lHlKg|5S, 

-f >*vcc«isai7fc»«*n. y-x*PNPh9 

47 >'v?X^'4©'^-XlraiK*nfcnMOS h7>3?X^' 
2 5T7«I«U lU*lHl»88ICPNPh7>';^X^4Kt; 
«tft 5 A> 6a« 3 Ui? ^'ttJftlsIte 6 ^^lifXtii hOX 

[0 2 3 2] C©*NOT[5IK-CB. AWA^fefr^ 
TLJ =-0. 5 [V] . THJ =0 [V] . Sjg^fr 
*VCC=0 [VI. VEE = -1.2 [V] 4:b&« 
frfCfeViT, A:f3m^A= TLJ nMOSh^ 
>5?X^'2 5®V-X®£E=-1. 2 [V] . ffl^ffi^ 
X= TLj t«tO. AA<1^A= fHj ©«^{Ctt. n 
SO MOS h7>>»X^' 2 5©V-Xffi)BE=- 0. 7 
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[V] , HlAffl#X= THj 

[0 2 3 3] :L^\Z. C©|fNOT@»TJ4, A*lsIK 
HW"r>«VCC«J8»7lrSSlS*nircnMOS 

«8*«l«-r S n MO S h 9 >S;X* 2 5 © H W >*« 
iS^EEVCCICHSL, nMOS h7>>'X^2 5®H 

© n MO S h 7 >-:?X3' 2 5 « 5 < 
t. fflra:lHlK©^#*6< L, waniKOfflAffl©^ 

[0 2 3 41 *&. C:©lfNOT@j»Ttt. ECLHK 
fc±5li^©i5lc®tS«SSA®f^*'iJSt-lff. W\z 

[0 2 3 51 ;i©#NOTlHlBTB. HlAleUSflS 

SPNP h^>5?X^'4*»6fe5a^^)Bl^ll8*©:*:^^» 

[0 2 3 61 afc, J:©*NOT[llKTtt. ilKEtfc«fc 
51'. A:^leI8Se8S«!jSt-SnMOS h7>v?X^'2 5 
© KW>S:€liIg«BEVCCJCH;£U. C:©nMOSh 
7 >>?>^ ^ 2 5 © H K >*ta&a&J*fefeV» J: -5 UT 

b, ftfisfME-c©i»fp&tt«-rsct*tT€r5. 

[0 2 3 7] Sfc, J:®*NOTIsI»-rtt. ttlj^b&J: 
■5 tc. E C L ilKIc: J: 5«^® J: 5 izmStW^^Wst^^ 

5J:5lcbTt»*®T. fi«»-c©«ft*»«-r«j:t 

[0 2 3 8] J:©*NOT|5I»Ttt. A* 

lsl?&eSS«]«-r-5nMOS h7>i^;^^'2 5©y-Xt 
VEESiS«8 t®raiCnMOS h7>S?X3'2 5®A 

fc*-r*NOT|gttlrtt|S!bT. VC Cfiag«7 tVE 
E®il«8 t®ra®«ffll*nMOS h5>>'X^'2 5 

®ft#fiSi 2 6 ®Ps«M®«ffiRT»fcnt/j>a < -r^ r 

bifi-VS. HSfc^r^NOTIUISiD'btttgJMIAfl: 

[0 2 3 9] *fc. C®#NOT|ilK-t?e. AAEKfiS 
&7;U7T»fc3fil>nMOS h7>i^Xi'2 STffll^b 
Tl»«*t. fctA. 7;V7T«®f^»*S»t&ibT 
t>, C©nMOS h7>i^X^'2 5©HV"r>tt> «M 
affiVCCCH&SnS. C©ie», C^©nM0Sh7 
> j^;^^' 2 5 © H l/"f >©§&a*»7;l^7 rSfcJ:* V 7 



(18) 4$Bi¥6-2 1 67 56 

M7-fcJ:oTECbTb*K fflAfll^X©a&at> 

sebTbS5tvi^vsi*t5!ife-r-5rtB;*fc>. bfc 

[0 2 4 01 c:©#NOT|5I»IC±ntf, 

lfi«lcJ:4«^fciklll!bT, W-©» 
[0 2 4 1] c®i:5k:, c:®JSi 3Safi«K:J:ntf. 

[0242] ^14^ff|- 'S14 

H 1 4 tt, *5B9g©M 1 4SllS«!©a&aill»S^-riiIK 
®8©«W, mt>. rHK>s 

3SE«f«»c»«$ n. y- h *AAsa fr<5S i ©«»« 

5 ic y-x s3JsstWtSE»3 nitm 2 ®a»^4« k ^ > 
5?x^'*»sa:.5y-x»«@Kt*i9!»tra*i&aii 
aj kj 5:NOTi§esicafflbfc«^®mi«?-c*s, 

[0 2 4 3] ;i®NOTll!Stt. A*IilK88*. 
>'*VCC«S«7fcfi&RSn. y-X*nMOSh5 
>>'X;5'1 2®y-KlcaiS$nfcnM0S h7>vX 
^2 5T?«|)«b. W:^l§?Sg8tnMOS h7>-:?X^' 1 
2Xt;«titl 3*^Sft^y-XS«|lI!Sl 4S|8(tTft 
<&t>®TSb5. 

(0 2 4 41 J:®NOTIiIKTH, Affl**^* TLj 

=-0. 5 [V] . THj =0 [V] . mm^^^vc 

C=0 [V] , VEE = t1-2 [V] i:bfc«^IC* 

30 l-^T. A*®^A= FLJ ®^&&, nMOSh5>>?X 
5^2 5®y-xaffi=- 1. 2 [V]. dl*<i#X= 
THJ tifeD. AAm^A= FHJ ®lfr&lCtt. nMO 
S h9>5^Xi'2 5®y-X«£E=-0. 7 [V]. Ul 

i]m^x= TLj tfts. 

[0 2 4 5] JlCt, C®NOT@ISTe. AABIBMB 
S. HU'f>*VCC®R»7C»«$nfcnMOSh 

7>i?x^'2 5T«^b, cnxij^^&^mf^-r^n 

Mos h5>-:?x3'2 5®HU'f >*eiS«Evcci;: 

Pl)£b. nMOS h7>>'X^'2 5®HK>*»iia* 
40 |*&ft:Vii5»CbTt><&, C:©JS*. C:©nMOSh7 

>-;?x3' 2 5 icfei-tss 7-«j«*ft< b. aaaiuBS© 

M^^m< b. lilgi:@K©ffiAfi9©^)!tt«filiS%^;9:< 
[0 2 4 61 C©NOTlDlKTJ4. ECLiJgSlC 

59 [0 2 4 7] Il©NOT0BTtt. B9]*bfcJ:5 
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\z, A:^lHlKfi8&»liS-r^nMOS h5>vX5'2 5® 

[0 2 4 81 *&, C:©NOT|Hl»T?tt. mmL^^i 
ic. ECL|5|KCJ;S«^®J:^lc«S5««;lfi!ifP&jJi. 

[0 2 4 9] C:<0NOT|lIKTtt, A^llI 

EE«iII»8i:CDWCnMOS h9>i?7.if2 50ft1^ 
figi«««t-Si5ICBL.TV>;ftV>, CCDie*, H6JC 
^t-NOTHIg&fcJtiaiUT, VCC«l»7tVEE® 

2 6 ®M«8ra©«£EI^Ti>ff It/MS < "TS :i tii^ 

[0 2 5 0] JlCNOTlHlSSTtt. AAlsISSaSS 

T;i'7r«lCSfiV>nMOS h5>>?X3'2 5-ettj«bT 

;::©nMOS h9>5?;^^'2 sroHWOfiSSmBEV 
^' 2 5 o H W >®§&3ffi*»7;i'7 rlilcJ:sy 7 hX7 

[0 2 5 1] c:©NOT|Hl»lcJ:ntf. S56lli» 

[0 2 5 2] co^^iz.. ziiomi 4mMim\z^n\ii, 

[0253] HI 5m>l- -Rl 5 
Ht?»0. *a!M«f», S7®55?a, Hl-6. rHP'f>« 
^v^X^t, '><-XSI5Effi5Si^Sh7>i?X^'®y- 

[0 2 5 4] C©*NOT@Ktt. A*laI«fiBS. 

>*vEE«igai8c»«an. v-xsnpnh? 



(19) ft'SJpe - 2 1 6 7 5 6 

36 

S'32-vmfS.U tb*IaIKgSK:NPNh7>>?X^'l 8 
RtXfi^l 9*»&&4aPir^fi|ffl@K2 OSattT^ 

[0 2 5 5] ::©ilHNOT|5IISrtt, Affl**fl=* 
rLj=-1.2[V]. THJ =-0. 7 [V] . miS 
*fr*VCC = 0 [V]. VEE = -1.2 [V] th 
fc«^IC*V>T. AA©^A= FLJ ®«^, pMOS 
h5>i?X3'3 2®I<l/'f >«EE=-0. 5 [V] . ffl 
*©^X= TLj A*m^A= THj 0«^lC 

20 tt. pMOS h7>i^X^' 3 2® Hl^-f >«ffi=0 
[V] . m*ft^X= FHj 

[0 2 5 6] CriC. C®PN0T|5IK-p(*> AAlHlK 
at*. HW>*VEE®K»7»C»«$n&pMOS 
h9>$?X3'3 2T«lriEUTt»-5. pMOS 
>S?;^3'3 2©Hl/'-f>&«S«BEVEEICH3tL. p 
MOS h7>>'X^'3 2®HW>*<l&a*ltfc*V><t 

aicUTVJS. i:®i|g«, ;:©PNP h7>5?x^'3 2 
fc*tt«5 9-3»«s»<u ii(ra0»©ft#se< 

[0 2 5 7] J:®#NOT@aTtt, ECLISIK 

JtJ:*l&&®i5lc«S5«)S|jiafPSjJS®t-e-f, *c 

[0 2 5 8] C®#NOTIsI8Te. m*iHi8saB 
SNPN h7>-:?X^' 1 8A»6a-Sft^H«ilB*®::*:^ 
V>nPi^3'S!«!|BI)»2 0T?«!J«LTVi.S. ZiOtSM, A 

^?f*^gfi^8^^^a7 r >t>:7 h^®ii5fi?«fo«^T«>, 

[0 2 5 9] Il®*NOTia!STtt. MJELfc* 

A*lHlJ«ffl&«|j«-rSpMOS h7>>?X^'3 2 
©HW'f V^fiSiflJEEVEEJCHJtU ^©pMOSh 

U. fiS)li«flET®SSf^&tt«-r*rt*tT!^«). b& 

4(7 [0 2 6 0] C®#NOTia»Ttt. tOiELfci 

^iC. £CL|n|Klcj:-&«-&®J:^ic«8E^Ai!if^£ 

[0 2 6 1] Sfc, C:®»NOTlBl»-Ctt, A* 

0KS*fl!dtt-SpMOS h7>J'X^3 2©y-Xt 
VCCmilgi»8t®|lBICpMOS h7>>'X^'3 2®ft 
^5fifit*«Sfirr5J:5K:ttLTti«:K Z<f>mMk. H7 
» fc*-r#NOT0ttK:tt:«bT. VCCffiiS«7tVE 
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EflJgliS <h®lfflWli£EI?&pMOS h7>>?X5'3 2 
[0 2 6 2] llCD^NOTIlIKTtt. A:^l9lK«8 

* 7;i'7 r »k:3St» pMOSh^>>?x^'32 rfll^b 

>b. JlCDpMOS h9>>'X^'3 2©HW>»4«aiti 
£EVEE»CH^$n«, ^:®ilS«, J:<DpMOSh7> 

3 2 © H w-f XDMsmifiTJVy rSkiz^^vy h 

[0 2 6 3] 2:©*NOT|i|JKfcJ;n«, 

[0 2 6 4] z.<Di:f>\z. ;i<D^i s^nizJztm. 

[0 2 65] miG^m- -016 

01 6»4:»QQ©mi 6llffi09©l$9IllK$^-riHlieS0 
Ta&D. m8©»?g, ipt, rh-W-f>«X 
8SW»::««$n. y- h *AA«fra» l ©«l|iSft* 

xi'©y-xc»«an, Affl*W'<;i^*»-srsj:5 

7.91S^^1t^ y -Xi8 aHIK i: *l9!»tT*4a&ffl|5|»J 

[0 2 6 61 i:®NOT@Ktt. AAili5»Sr. 
>*VEE«S«8fc«BISn. y-X*pMOSh9 

y'J7.9 2 2<r>y-Y\zmm.^tik.x>uos Vyy=J7. 

^'3 2T«^U WABtefiBfcpMOS h7>>'X^'2 

2 mp&m 2 3 *^ y-x««ia» 2 4 *»ftT* 

[0 2 6 7] C:®NOT|51»Ttt, Atfi**frS TLJ 
= -1.2 [V] . THJ =-0.7 [V] . «ig*fr* 
VCC=0 [V] , VEE = -1.2 [V] 
{C*tiT. A*©^A= FLJ ©#&, pMOSh7> 
$^X^'3 2©HH'>m£E=-0. 5 [V] , mA©# 
X= FHJ tftO. A*m^A= FHJ ©<&&fctt. p 
MOS h7>>'X^3 2©FU'f>®EE=0 [V] . HI 
A©^X= fLj tfi^. 

[0 2 6 8] CiriC. ^©NOTIeliS-rtt, AAHKffl 
«. Hl/-f>*VEE«SSB7fcastt*nfcpMOS h 
^>':?X^'3 2T|8^LTV>S. fiP^, pMOSh^> 
i;A3'3 2©HW>S«iE«JEVEE»CH:feU ^© 

pMos h9>-:?x^'3 2©FW>*»g&a*«ffcair» 



(20) 4$ra¥6-2 1 6 7 5 6 

L. fl5ai5iK®w*«®^®tt«s*^!ft<-r^;it*t 

[0 2 6 9] Sfc, ;i©NOT@KTtt. ECL®j»fc 
J:5«^©i5fcf8S5«JJft^EifP*iei>St1i-r. ^JCV 

[0 2 7 0] r©NOTIUK-rtt. 
i<? IC, AAHKaSSttriJ-r-SpMOS h7>>'X^'3 2© 
Hl"f ^SfMIWEV EE fcHSU r©pMOSh9 
>>'X^ 3 2 © K l^-f >*i|ia£«ffc)5: ViJ; 5 IC UTV» 

fi«Sll«ffiT©ftf^£«»-r*Ci«tT*«. bfc«<t> 

[0 2 7 1] Sfc, ;:©NOT|5I»-Ptt. 
fc, ECL|aIKlcJ:S«^f©J:5C«ifi«ift^«ifP&jg. 

[0 2 7 2] ;:©NOTi^"ctt. xtim 

KaSi&fflj^E-rSpMOS h7>>'X^'3 2©y-XtV 
CCai|g®7 t®raiCpMOS h7>i?X^3 2©ft# 

s^-rNOT(Bi!a(cjt«!UT, ycc^smitvEEfi. 

iBS8t©W©«E|SSpMOS h7>S?X^'3 2tfft 

«rfitt 3 3 ©i5Mra®«EPiT»iett^s <-r« ji t** 

[0 2 7 3] Sfc. 2:©N0T|5IIS-P»a. AA@!S8S& 
T;l'7r«»C5fil»pMOS h7>i?X^'3 2T?«|«UT 
Vi5«<, 7;i'7rl8©»»SSltfci:LTt>. 
J:©pMOS h7>>'X3'3 2©FW-f>tt«ai«aEV 
EEfcHfif^n*. C©»«. C:©pMOS h9>5?X 
3 2 ® K W-f >®I&]1**7;1'7 ri®lcJ;sy 7 HX9 
-ic<t-3TKtebTL.*t». ffl*©^x®i&at,steL 

T, Sfy7hx9-wtt*sgs-rawt*tT$a. 

40 [0 2 7 4] j:®NOTI5IKICintf. ^8SIJS 

[0 2 7 5] ;i©j:5»c. j:®^i 6^«fcJ:ntf, 
NOT|ilKlc:3«r»T> iSiSttt. ft«»«Attt. ay 

[0276] ^1 7^«q- -017 
HI 7»4:%n®mi 7^«|©|^9!lilK£^1-[Hl8Sg| 
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[0 2 7 71 ^UDORSKtt. X*0»«SNPNh5 
Vi^;^^' 1. 3 6Rtffitt2*»6;tt.53W^^'S!aifiIg8 

[0 2 7 8] c:©OR|fil8STtt. AtHA^frS TLJ = 
-0.8 [V] . FHJ =-0. 3 [V] . «iii*fl=*V 
CC = 0 [V] . VEE = -2.0 [V] 

*ViT. X*#^A. B= TLJ /-HI 1© 

«E=-1.6 [V].. m:^j©#X= PLj i;5:D, A 

y- H 1 1 ©«EE=- 1.1 [V] . a*fi#x= 

THJ tfi^. 

[0 2 7 9] ccc. c:©ORiHi(S-ett. A*iaiSffl& 20 

NPNh9>5>;^i'lv 3 6*»6ftSaWir^'»*|g5» 
3 7-ei«^LTfci-5. flP^. NPNh7>$?X^'l, 3 
6©3Pi7 3'«:«ig«£EVCCK@ltb. :in?.NPN 

3 6 »C*tt«>5 7-^«&*< L-, fi(raiBl?5©ftl5Sfi. 

<b, i9aiaK©ta*ffl©i«at««i«*ii>;ft<-r<&;it 

■5. 

[0 2 8 0] uroORIelKtfi. ECLIelKUCi 30 

[0 2 8 11 ::©ORiai8T?tt. ta*0»ffl*p 

7 >7'> h#?®ia!ft?f ®«^-7fe. IBifPjgS 

[0 2 8 2] J:®ORIiI!STtt, «r]®u&J:5 
JC. A*lHlKa*S»«-r«NPNh7>'-:?X3'l, 3 6 

7>>'X^'l. 3 6®3Ui7^rjJtgSa5^fc;S:^)j;5JC 

<L. ffi{gfi«EE-Tr®S»f^$ttfii-rS2:2:J»t7r#S. L 

[0 2 8 31 J:®ORJ5IS»Ttt, laaUfci^ 

iC. ECL|SitSlc<}:<&«^®<l:^(c«%«»jLiif^£i£!. 



4$M¥6-2 1 6 7 5 6 

40 

<fc3ICUTViS®T. fll®SSET®ffiif^&5ISffi-r-5Ct*t 

[0 2 8 4] t/^, COORiaVSra, A:/!7gn»«&7 
;P77SCSViNPNK7>vX^' 1. SBTfll^bT 
;:n6NPNh^>>'X3' 1. 3 6®3l/i>^' 

tteseffivccfcBiesn*. c®is«. rn&NP 
Nh5>i'x3'i. 3 6®3Ui?^'®iaa*«y;u7T« 

®i&afcS«bTU*3tui5 Vfi8*t«^-r <b n t lift 

[0 2 8 5] afc, C®ORIiIISCJ:n«. ECLiaiS 

[0 2 8 6] c:®<fc3ic. c®»i 7*ig«ic±ntf, 
2AA®OR|gttfcr>t»T, SSattt. ««»«Att 

[0 2 8 71 SI18SI1&0II- -818 

B 1 8 ». *fe»®B 1 8^«Hi®ai9!gi%&^-r@% 
HT*o. :^%m^. m2(o^m, mt>. r^Ui^^r^ 

Wi'^'ftttlHKt. AtUAl">?;l'3&J-^"rsJ:3K:v- 

y-x»»iii)8t&«B»i«iRbr;&<5a&ai5ij»j s2a 

*©NOR@K»cafflb&«^®fH 
[0 2 8 8] ;:©NOR|iliKe. A*lHl»ffl&NPNh 

»3 7-C«|j«L. m:^|5I[»SSlCnMOS h7>i'X^'l 
2 RZ^m laifi' ^ii^V-xmmK l 4 ;£RltT2^ 
«fc©T?*S. 
[0 2 8 9] C©NOR|5|)»T?li. Alil5!j*fl=& Tlj 
= -0.8 [V] . THJ =-0.3 [V] , fiSt^#$ 
VCC=0 [V] . VEE = -2. 0 [V] 
»CiiHT. Xtl(SnA, B= Tlj ©«-&. /-HI 1 
©«JE=-1.6 [V] . ffl*<t#X= THJ taO. 
A*»#A, B®t»-rn*»-*XttW:^f= THJ ®«^ 

ice. /-HI io«ffi=-i. 1 [V] . w*«^x 

= fLj tltt-S. 

[0 2 9 01 CilC, CONOREDftTtt. AA|5B8«S 
&NPNh7>5?X^l, 3 6jJ»634«3lx'ir4'Sf«ia 
»3 7Tl)}*JLTl'iS. fiP^. NPNh7>>?X^'l. 
3 6®3Ui'^'S«jg«£EVCCCBffiU JltlSNP 
Nh9>5>X3'l. 3 6®3p^'3'](«»3I*»fcai»J: 
^CbTti-S. C:©il6m. cn^NPNH9>>?X^' 

1.36 lc*5it55 7-jass;^< U. itiaiHll«©ft^^ 

&ii<b. rtfa[Hite®ffi*(ffl©*ftaffis5s:d>;a<f s 
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[029 1] Sfc. ;i®NORIslBTtt. ECLIelgSlr 

[0 2 9 2] C®NOR0KT?tt. ttTJaUfc^^ 

»C. AAIall5ffl*«lJ«-r<5NPNh9>-:?;^3'l. 3 6 

[0 2 9 3] ;i©NOR|5|»Ttt, l95iEbfci5 

T€r«. l/&)9«oT, C©jiSt*>6UTt>. <i«SMB*tt 
[0 2 9 4] J:©NOR|5|Ktftt. AAHIMSS 

Tfc»5*i. rn6NPNh7>>'X^'l, 3 6©3l^i' 

^tt«issffivccica^sns. c©ite«, cn^N 

PNH7>$?X^'l. 3 6©3Wi^^'©ISa*t7;U77 

#x©i&s*)SfiUTi/* 5 tv»3«a8**»4-r5 Jit 

[0 2 9 51 ;:©NORI5I?SICj;ntf> ECLIsI 

[0 2 9 6] c:©J;3C. s^ffiWCintt, 

[0297] ^I9^m- -019 
B19». 4:SS^©mi 99lffi0!l©il3liIK£^-riili» 
HT*D, *«M«f, »l©f8W, WS. 

1 ©a XttiU U^)l'ifi-&t 

* ±5 icn i/i'*'S3afiewK:«6»anfc»2 ©/uip- 

9 h9>-:?X^'*»6«:««2©3H^i'tt«|l|»tS« 
^S^i^l.T:^%|gSI|gl!Sj «2XA©OR[B)KlCji^L 
fc«^©^205Tf*«. 
[0 2 9 8] COiORmmt, AAIll&ffi$NPNh7 

3 7Ttl}^b. m*|5J?SffltCPNP h7>v';^3'4&u: 

3 9ftC;&ini4 O30)6;a:23U'27^S{%@K4 1 ^ 



(22) !|#B8¥6-2 1 6 7 56 

41? 

SS»jTft4'b©T»«. )a::B, 4 2 f4ffl*ia^-C» 

[0 2 9 9] j:©ORil»Ttt. TLj = 

-0.8 (V] . THJ =-0.3 [V] . «Sl*fl=*V 
CC=0 [V], VEE = -2.0 [V] tLfcS^tC 
*t»T, XiJSnA. B= fLj ©«^. y-Hl 1© 
eE=-1.6 [V] , ai*©^X= FLJ . tB:^©^ 
Y= FLj t&D. A*<i#A. B®V»-rn*»-:*rXtt 
Sl;«r= FHJ ©«^, /-HI 1 ®a)BE=- 1. 1 

10 [V] , mijmnx, y= fhj t^as. 

[0 3 0 0] iCK, c:®OR|Hl*S-Cttv 
NPNh7>i?;^^'l. 3 6*>e;a:-53U'i'^'S*lHl?l 
3 7T?«|ja5UTVi'5. fiP*. NPNh7>J'X^'l, 3 
6®3Ui^5'S«iKSffiVCC»rH^b. iinSNPN 
Vv>i?7.9\. 3 6®3l/i'3'*J»3SS»;fcatt»J:5 
tCLTVsS. C:®ie«, rn^NPNh7>v'X^l. 
3 6 lC:fet^4 5 7-^ll&3a:< ijaiHl«S©fl?^^&6 
<U> lilSlsI8i©tll:fj«l®3«tttttti«S^!a:<r«C2: 

[0 3 0 1] *fcv ;::©ORlil»Ttt. ECLiiaicJ: 

[0 3 0 2] r®OR|Hl*5-t?tt. liJAIsISSSSJCP 

N P h 7>i?X3' 4A»i&ift-5filSrB»l8*®:*:€V>3 
i'i'»«B«S6t, PNPh7>>'X^3 9«>66:«ft 
«f«lftffi:^©;*:^Vini^i;^as|plK4 1 tSIKttTVi 

ft^sf©«-&Tfe. i!if^jiffi©fiT€ii>ja:<-r-5Jit*tT 

[0 3 0 31 afc, i:©OR|eliST?tt. iaiSUfcJ;5 
fc, A*@»»l£fllJ«-r-SNPNh7>5?:^3'l. 3 6 
©nl^i'^'SSiSfMEVCCICSJtU iinSNPNh 
9>i^X3'l. 3 6®nW-^3'*tiSas^fcfttiJ:5fc 

<U. fi«ilflJEET®»f^*a«-r«Ct*»T€f«. b 

[0 3 0 41 *it, ;:®ORlHlKT«. m^^htc^o 
JC. ECL|5iBicJ:5<g'&®J:5lc«iS«8IAS6fP€ig. 

[0 3 0 5] Sfc. J:©OR0gSTtt. X:hm^^7 
Jl/7r«ICStmPNh7>>';^^ 1. 3 6T«I(SUT 

50 \tfmm£.vcc\zmfLfEtiz>. ::©iiem. zin&NP 
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[0 3 0 6J Sfc. c:©OR|HrB5lCJ:ntf. ECLHIK 

[0 3 0 7] ::®j;5»c. cco^i QlUfi^gjcintf. 
2AA©OR|5||iSfc:?VJT. iSim^t. 

[0 308] m20^«q- -^20 

BI2 o». 7ii9tm<om2 omMi9S(DMitmmK'&m-rmK 

igT*0, |g2©5lig. fip-fe, 

[0 3 0 91 C©NOR|il»tt. A*lHU6»*NPNh 

gft3 7T«|j*U tH^HKgBICnMOS h7>-:^X^'l 
2Xt;fi*tl 3*»6a:«y-X««|§*ftl nMO 
S h 7>5?X3'4 3St^ia4 436»6JS:«.y-;^»ttlIiI 

[0 3 10] ^©NORlsIK-Tftt, Affi;^*fr* TLj 
= -0.8 [V] , FHJ =-0.3 [V] . «iIS^#$ 
VCC = 0 [V], VEE = -2.0 [V] tLTz^^ 
tC*5l»T. A*e^A. B= TLJ ©«^. /-Hll 
®«£E=-1.6 [V] . WAffl^X. Y= THJ tft 

0. AA«#A. B©l-i-rn*»— :*FXttS*= THJ © 

/-Kl l©«ffi=-l.l [V] , aiA© 
^X. Y= TLJ ii/ii. 
[0 3 11] CCK, C©NORiaj»T«, AAIaI»ffi 

K3 7T«lritl/T<ri^. IPS, NPNh7>>?;^^'l. 
3 6©aW^^*aSiaEEVCCKH€t, cnSNP 
NH5>5'Xi'l. 3 6©nl^ir^r*t||a$j$fc3a:v»j; 

5tCL/TV>-5. c:©ilg«. cn^NPN h7>-:?X3' 

1. 3 6lC*»:f55 7-3gl»*;a:<U Wa@K©ft?5 

$e<L, iirii!@je©mAffl©3iEtt«m«$^>}^<-r« 

[0 3 12] "kit. ZLONOR^mrtS.. ECLUKIC 

T. !a5ii»i&a^!ia*Jpiffi-c*o. ;:©ja*>6LTt). 



(23) 1$n?6-2 16 75 6 

[0 3 13] CWNOREIISTtt. i0aLfcJ:3 

iZ, Xt)^^mt:m0i-nNPNhy>-JX3f 1. 3 6 
©nUi/^'SSiS«JEEVCCItH)eU cn^NPNh 
^>i>Xfl. 3 6©ai/'i^3'Atgiasj§&AV»J;5C 

<b. ffi@iS@ET©»ifP*«fii5-r*::t«tT€?«. L 

[0 3 141 C®NOR0iST?tt. «>jSl/fcJ:5 

fc. ECL[Bl8SCJ;5«^©J;5lca«S««^Kfp*i5. 

j:5ici/Tu>5©T, ffims2t?©»fp&««-r-5;:a:*i 

[0 3 15] J:©NOR|il»TB, AAIaI»eS« 

7JP7T«l'av»NPNh9>5?Xi'l, 3 6-CS!j«U 

^'B@!S«Evccic@)£$tis. cineN 
PNh7>i^x3'i. 3 6onV'i/^©a&Sdt7;i^7r 
i»»CJ:«y7hX9-IC<koTECl/TU*K 
a> ^X©aat)K<ELTL-*3iHri5^A<55*-r«C:t 

[0 3 16] Sfc, Cl®NOR|ll!SICj;ntf, ECLHI 

[0 3 17] c;©i5fc, C®|g2O||ig0i»Cintt. 
2A:ft©NOR|5iaicoViT, iSattt. 

[0 3 1 8] ^2 imS&m- • S2 1~@23 

B2 iH:. ^mmo>fS2 imt&M<Dmm^K(Dm»mx 

*%i»>t>. m9®fS9i, iVS. rfgi, f(2. ^ 
3. 164. US, ^6, m7X»ll8®»m®ggSlHl% 
*#^•rftsai31IsI»J «2A*®OR/NOR|BlKIC 

iifflbfc«^®»i«T*^. 

[0 3 19] C®OR/NORlslKtt. A*|5IKffl?&N 
PNh7>5?X3'l. 3 6&tfgfit2*>^a53Ui/3' 

ffiffiiaa 3 7 rfliriE u miimViStiz p n p h ^ > 

40 ^4&C^tfi5}i'&:%-5=iU'^^SSJeiiIIS6&. nMO 
S 1 2&i;fittl 3*»5&«y-X»«|lI 

Kl 4ti£K»tT:ft-5'b®-C»-5. 
[0 3 2 01 ClOOR/NORiaaTtt. Affl**fl=* 
rLj=-0.8(V]. THJ =-0. 3 [V] , SJS 
*ff*VCC=0 [V] . VEE = -2.0 [V] tV 
fc«^C:6V>T, A*M^A. B= TLj ®«^. 
Hl 1©«E=-1. 6 [V] , ffl*m<SX= TLJ , 
ffl;^©^Y= THJ i:;aD. A*©^A. B®t5m*» 
-:&XttPi>&= fHj ®JSi^. /-HI l®«ffi=- 

» 1.1 [V] , mijm^x= fHj . fflAe#Y= 
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TLJ tifiS, 

[0 3 2 1] JlHtC, JlcoOR/NORlHlKTtt. A* 

(0 3 2 2] J:©0R/N0R|5IKT«> ecl 

@»K J;5«^® J; 3 IcmaS^ftASftf^S^JSi^-f , 

[0 3 2 3] ifc. ^®OR/NOR|5I»Tf4, ta:;^I5| 
[0 3 2 4] C:®OR/NOR|eIKl?tt. iJJfiL- 

1. 3 6©3U'^^'*miis«BEvccfc@jtu Jins 

NPNh7>S?X^'l, 3 6©3^i'^'dt|&as|5fc;ft 

^i«:&te<L, fi«ig«E-r©S!if^&«l»-r'5rt*tT? 

[0 3 2 51 sfc, c®oR/NORiaKTtt> wau 

fci^lc, ECL[Hl?St±.5«'&©J;5lc«iS«SI>tB 
[0 3 2 6] ^it. ::©OR/NOR|5IgS-Ctt. A*lHl 

l»iK*7;P7rfi»tSvmPNh7>-:^x^'i, 3 6-e 

fllriSLTV>-6*<. CinSNPNh^^J^X^' 1. 3 6© 

3Ui'^'tt«iia£EvccKH]£sn-5. 2:®ite«, c 

neNPNH7>>'X^'l. 3 6©3P'i'^'®iS31j8f»7 
[0 3 2 7] ^:OOR/NOR®KICj;n«. E 



(24) 1$BI¥6 - 2 1 6 7 5 6 

[0 3 2 8] r®J;oC. ::©II2 l||ft«l»C<ttl«. 
2A*©OR/NORlHlgS»COVir. SSaittt, fiJBS 

[0 3 2 9] JiroOR/NORlslKJa. WAtf, 

H 2 2 C«mSW»ffflHS*-r J: 5 {r««-r« Ji 

H*. 4 6H:Pa>'U3>S«» 4 7~5 2ttSI 

[0 3 3 0] Sfc. 5 3ttNST»»3. C:©Ne5 3© 
5-6. ««5 3A©»^>ttNPNh7>>'Xi'l©ri^ 
i' S&-r«*^T» D . <S« 5 3 B ©»4MiN P N h 5 
>>'X3'3 6®3U'i7 3r^£;a-r»^^-C*-5. 

[0 3 3 1] 5 4eNPNh7>v'X^' l©'?- 

X«ft-rPB. 5 5liNPNh9>';?X^l©X2 .y^' 
<£;a:-rN®. 5 6ttNPNh^>5?X^'3 6®'^-X« 
ft-TP^. 5 7ttNPNh7>i^X^'3 eOXSy^'S 

[03321 5 8»ajettEVCC«NB5 3(: 

aJJn-r-5fc«)©N^, 5 9 ttfitt2 £«}^ir-«):4?'J y'J 
20 n>m. 6 0. 6 l«3j?Ui'»j3>B5 9£JKjatt-.5i 

Pffl>"Jn>S«4 6K:miS®EEVEE&Wliirr 
Sfc«)©PBrSB«. 

[0 3 3 3] 6 2ttP®TabO, ::©PS6 2o 
5^. ««6 2 A©a5i>ttPNP h5>$?X:J'4©3^ 
i'i'Sfefa^T**. *&. 6 3BPNPh^>yx 
:J'4®'^-XS;S-rNe, 6 4ttPNP h5>>?Xi'4 
®XS y^'*«:-rP»T?*«. 

[0 3 3 41 6 5M:&tii5. 1 3 ^Mjger 

30 i>rcib<OPm. 6 7«nMOS h5>vX^l 20HV 

-r >«/a-r N®. esranMosh? >5?x4' 1 2 © v 

[0 3 3 5] ZC\Z. J:®ia2 2lC*-r«dt«ITtt. N 
PNh7>S?X^'l. 3 6©3^i'3'*«aSJi-p3fl^ 

ii-a-r. *i8©¥»«:B (Ne5 3) -csiiK-r-sJc^fc 

L/TVi*. C®itell, C:neNPNh9>>?X^'l, 3 
6 ® a U^/ 5' CJ* UTaS«£E V C C SWaofS&ft® 

40 lSlbi>ZtifiX^i,. 

[0 3 3 6] ;i®OR/NOR@fSii> H2 3IC 

«t>. 7 OliPSv'Uri^Sfi. 7 1~7 3. 74A, 7 

4 BttS lO, 

[0 3 3 7] 7 5ttN®T?»0. C:©NS7 5© 

3*. fi«7 5A©«i^ttNPNh9>i'X3'l. 36 

03U!7i^i:fir^^. ®«7 5B®ffiI^>««igE7 5A 

©ffi^^»C«igeBE V C c S8ii)irr-2>fc*®ffli)-T*.5<, 
[0 3 3 81 S&. 7 6ttNPNh7>i'X^'l. 36 
SO <D^-7.mrPm. 7 7ttNPNh7>$?Xi'l, 3 
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6<DXB.y^^lf^rNm. 7 8«SSi2*«ldK'r^#U 

[0 3 3 9] ^fc. 7 9^iP@T»0* ^KOPM? 9(D 
3^. fli«7 9AOa8»ttPNPh^>i;X3^4Cr>3l/ 
i^^'^a-TfiK^T*^. 8 0ttPNPh^>i;x 

^^4©'<-XSa-rNB. 8 IttPNP K^>S^X^'4 
©X^y^^S^&fPS. 8 2tta«[5. 13S?&:-r#U 

[0 34 0] ^fz. 8 3\tnMOSh^>>^7.^12^ 
m^t^tc^XDPm. 8 4ttnMOS h^>>^X3^1 2 
©KW^Sa-rNB, 8 5ttnMOS h^>>?X^^l 
2(DV-X^;a:'rN^. 8 6ttnMOS h^^S^X^'l 

[0 3 4 1] ft*. 8 2Att3>3^^hg5T»0. ^KD 

m'v\t. NPNh^>i^Xi$^i. 3 eoni^^rj'^&ft'r 
NS7 5 AJc^'r^l;ig«fEVCC<z>8JJn&PNP hy 

>i^X5'4a>ft^Sfiiri5Xt;nMOS 1 2 

oa«rSRl 3*36:t-#U5/ij3>B8 2S:frbTfT5 

[0 3 4 2] ^fc, 8 5Afe3>:$^i7hfl67?»D, ;i<D 
nMOS h^>i^Xi^l 2©y-XlC3*T^m 
MSEVEE©B]JnS:NPNh^>>^X^l. 3 6(0^ 
^5fitr[ 2 ^ft-r* U U >e 7 8 *:^M^TfT3 .fc 3 ic 

[0343] ^:(Z>H23 A*l5l»fiSS« 

^r^NPNh^>>?X^'l, 3 eo'^-x^ffijRe-c 
Sg^^W-frT. «acO¥»«:S (PS 7 6) 

J:3{cbrv^s. e:<o<s«, npn h^>5?x^' i, 3 
6 0x^yi^&«a0^»ftce (pja7 7) TWiS-rs 

[0 3 4 4] ^1t. C0m2S<Dm&m^\t. NPNK 

smasmffivcccDBJfti^PNP h^>>^XiS^4o^^^ 

filaS&r/nMOS hy>z^7.i^ 1 2<DM^&mi 3* 
ft-r* U U 3 >B 8 2 LTff 5 i 5 T 

;^ft<. t<D^. mm^^^^:-ti>^i^^^o 

[0 3 4 5] ::©H2 3(D«^MTIi, nMOS 

hy>-J7.i^ 1 2(Z)V-Xlc5*TS®jli®JEeVEE©9I 
ln«rNPNh^>i?X^^l> 3 6 0fi^arfiSi2 5&ftt*:P 

U'>U3>®7 8^:frUTff3J:5«c«riKbTVi-5. 

[0346] m22^«g- -024 

^2 4», ^^m(Dm2 2mmM(D^mm^^^rmi& 

HTftO. SB9(Z)«W. HIS- riBi, SB 

2, ®3, ®4, ^5. ^6. m7X«»8(Z)^gg©a& 

aIeI!a^^^T3a:*aaa@»J &2a*©and/na 

[0 3 4 71 C:©AND/NAND@»tt> AABKffl 



(25) 4$ffl¥6-2 1 6 7 5 6 

«:PNP h^>i;X5^1 5. 8 7Xr;g*il 6 30^e>ft-5 

2 0t. pMOS h^>>?X4'8 91fetKStri9 O^^Sft 

^y-xs«i5i»9 1 ^:^s^^Tft^t>cDT»^• 

[0 3 4 8] ClOAND/NANDEIteTtt. AW** 
frS TLJ =-1.7 [V] , FHJ =-1. 2 [V] . 
SS*fr^VCC = 0 [V], VEE = -2.0 [V] 
h\.1t^^\Z^\^X. XtimnA. B= THJ 

K 2 1 0®JBE=- 0. 4 [V] . ai*<i^X = 

THJ . m^j®^Y= TLj tftD, A*«#A, B<0 

vi-rnA^-:^x«^*= TLj /-H2i(D« 

JBE=-0. 9 [V] , ta:^m^X= TLJ , WA^^Y 
= THJ t1^^. 
[0 3 4 9] CZ:\Z. dOAND/NANDlHlB-Cli. 
A*IlI»aB§PNP h^>>?X5' 1 5. 8 7}5^^ftS3 
U'i7*^a«llIK8 8T«^bTVi^o B3"fe. PNPh^ 
>i^X3'15. 8 7<D3l/i;^^*aiSSffiVEElCH)t 
^niE^PNP h^>>?X^l 5. 8 703l/^:5^)&t 

P h^>S^Ai5^1 5. S7\Z:^n^^y-mM^i^< 

[0 3 5 0] *fc. ^KOAND/NANDHIISTtt. E 
C L Steles :5ffi'&(Z>,t "5 lC«ie^0SI^9ftf^^i^S?^:i3: 

[0 3 5 1] ^fc. ::<DAND/NANDl5lKTtt. m 

ij<oiz^\,>nui7i^mmiK2o^mvfr\f^^. c(om 

[0 3 5 2] ^fc, Z,(OAND/NAND}E^X\t. 89 
iSLfccfc^lC, A*lilK«^ffldt-rSPNPh^>i^X 
^^15. 8 7©nVi/4^*eJBafiEVEEIcH«U 21 
49 nSPNP h^>S^X5' 1 5. 8 7<^nj/^i$'*t|a3S^ 

[0 3 5 3] ;iOAND/NAND©KTtt> itf 

iSLfccfcilc. ECLl5lKI;:±'S«^©J:5lc«je«Jift 

^S!^fp^i^^s^^:ii■r. m^zu^jv^^t^^t-v^m 
5t? «»ffi*tt&ses-rs;i^;&t7?#s. 
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[0 3 5 4] A:^l5IKS8i&7;W7r»tcat>PN 
P h^>>'X3' 1 .5. 8 7Tffl^LTti-5*t, JinSP 
NP 5. 8 7«DaWi'^'tt«iSaBEVE 

Eceajtsn*. r©is», c:n6PNPh9>5?:j^3' 

1 5. 8 7 03l/^^'©i&a*tr;l'7r®ICj;5V7h 
[0 3 5 5] JKOAND/NANDiaiSICAtl 10 

[0 3 5 61 c©J:5«c, ::©»2 2SgJ|«fcJ:n«. 
2XA©AND/NAND|iI(SCr>V>T, Hiitti:, 

[0 3 5 7] m2ZWm - -612 5 
B2 5lt. ^SI§Q©II2 3^%eq©i|31(§IBS©llKS0-C 

^9©%^, fSl^. rigi. ^2, m a? 
3. ^4, S(5, ^6. ie73C»m8©5effl©ttl!lBlK 
S:^^•r^a:*l&aIHI^SJ S2A^7©AND/NAND|g 

Kicaffl Lfc^&&©ll 2 

[0 3 5 8] Cl©AND/NAND|5l»tt, AAIeII»« 
^XtUOSh^>'J7s9Z2, 9 2Rl«ltft3 3*>6fe 

h^^i^;^^' 1 sxtfatrii 9a^6asa^^'^'»»lEI 

»2 0t. pMOS h5>>>:^^'8 9Rt^tt9 0«»6 

a-5y-x«*ig!S9 1 tsatj&feo-pa-s. 

[0 3 5 9] C:©AND/NAND|5IPSt?B. Xffl** 55 
frS TLJ =-1.7 [V] . THJ =-1.2 [V] . 
«jS*frSVCC = 0 [V] . VEE = -2.0 [V] 
tUfc«^lC*V»T, XijmnA. B= THJ ©«^, 
>-H3 5©«£E=-0. 4 [V], aiAM^X = 

THJ , mAm^Y= TLJ t«:r), AAfi^A. B© 
V>-fn3Sf>— ;ErXttPI^F= TLj /-H3 5©f| 

EE=-o. 9 [V] . fflA«^x= tlj , mumn^ 

= THJ tftS. 

[0 3 6 01 Z.Z.\Z. J:®AND/NAND®»Ttt, 
A*laIKSKS:pMOS h7>i?>^^'3 2, 9 2 36v5&^) 40 
HK>»«[HlK9 3-T?«^L.Tt»«. fiP^. pMOS 
h9>-:?;!^i'3 2. 9 2©HP-f >*eiS«JEVEEt 
H«U cn&pMOS h9>>';^^'3 2. 920HW 

6pMOS h7>5?X^'3 2. 9 2C;fe»t*5 5-%« 

©^ift«flliS*il>a<-r5J:i:*<T€r<5. Lfc*toT, 

[0 3 6 11 C©AND/NANDlHlKTtt, E 

CL@Kftl::.J:<&«^©J:7icQffi«)«&;lMf^&<MI^« 59 



1$SB¥6 - 2 1 6 7 5 6 
[0 3 6 2] 2:©AND/NANDI1I»T7»4. m 

:ft©;A:#rtoi^5?^'fi5ffli|5i»2 oSraitTi^s. ;:©<§ 
«. Hj*«^- 1 ofli©ftit*»«E«^*a7 T ^y-^ h 

[0 3 6 3] C©AND/NAND|HlJtST7tt, git 

^U&J:5fc, A*lHlKffiS«l«-r«pMOS 
Xi'3 2, 9 2©HW>*aSS£EVEEfcH3£U 
CinSpMOS h7>J?X5'3 2. 92©Hl'-f>*»i& 

KTtv>5*sa:*)a:< t. fi«s«£E-e©S)f^*tt«-r 

[0 3 6 4] Sfc, J:©AND/NAND[5I»TW> if 
ECLIaIKICJ:5«^©J:3C«8S£«)^ 

ffl3a*tT5J:5KbTl.i.B©T. fi««-e©»ff««« 
[0 3 6 5] ;i©AND/NAND|iIJ»T?l4. A 

A@Sffl&7;^7r^llc3S^»pMos h7>^x^ 3 

2. 9 2-C«ldJUTUS*t. fctit. 7Jl^7r«©l^» 
*SttfctbT*», J:n&pMOSh7>i?Xi'3 2. 
9 2©FW>l4«iii«£EVEEfcH^an«. r©te 
Ztl^V>UOSVy>V7.f^2. 9 2©KW> 

[0 3 6 61 ^©AND/NANDlHlWCin 
«. ECL|iI)SCJ:^)«^CJt«!UT, 

if-©i&a«ffi«a!*K-r5rt*tT€s. 
[0 3 6 7] j:©J:3C, 2:©»2 3»Sfi«CJ:ntf, 

2A*®AND/NANDI5IK»COtiT, iSilSt, fi 

[0368] ai24SlfiM- -826 

0 2 6 tt, *56M©m 2 4 ^«©S6a|51K©15I»0T 

wc»»an. '<-x«A*«ii-rssBi©yu#-7 
-:;x^'©x5-y^'ic«i«isn. Am*u"^jv*t-srt-5 
h 5 ^s^x^'j&^easn ui'i'ffiaiaiBt sKttT&a 
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(0 3 6 9] C®OR[Hl»tt. A*lel»S»^. 
*VCCfiiKai7fcSS«Sn. XSy^'SPNPh^^ 

3 6T«|RU ta*lslK85ICPNPh7>-:;x^'4»r; 
Sift 5 3i» e ASn i'SflSlfilK 6 *«ttTft 5 fe<iDT 

[0 3 7 0] c:©ORIfil85-ett. AfflA^ft* TLJ = 

-0.5 [V] . THj =0 [V] . aai^ffsvcc 

= 0 [V] . VEE = -1.2 [V] 

T, A^ffl^A. B= TLJ ©«^> y-Hl 1©«IE 

=-1.2 [V] . mijm^x= TLj ifto, A^jm 

#A. BOV»m«>-*XttPI*= THJ 0«^fctt, 

y - H 1 1 <z)fl£E=.- 0. 7 [V] , mij^iix= 

THJ tiftS. 

[0 3 7 1] ^:i\z. uroORlalK-eB. AAllKffl 
3W^i'*VCC«lfiMl7K««SnfcNPNh9 
yz^T.i'l. 3 6Ta^U Jl©A*|5IKffi<£«}^f5 
NPNh7>i?X^'l, 3 6©nUi^^'*«ig«BEVC 
CfcHjeU cn6NPNh9>>'X^'l. 3 6<DaU' 

[0 3 7 2] *fc. C:0!>ORIalBT?tt, ECLHISJCj: 
[0 3 7 3] COORIiIKT». UAglKftffi^P 

[0 3 7 4] tit. c:®OR|5iKt?tt. iiJgUfcJ;^ 
fc, A*lHl»ffl*«lriS-r5NPNf>9>$?X^'l, 3 6 

<U. fi®iS®JET©SiifP^lttffi-rSJlt*tTS«. u 

[0 3 7 5] c:©o RiuKtrtt, irjiu&J:^ 
J:5fcl/T«ri.5©T. fi€86T©a(^Sttffir-5c:t*t 



(27) 4$M¥6-2 1 6756 

[0 3 7 6] Sfc. ;:©OR|5lKTtt. A*(hIK 

8?i£«dt-r<bNPNh^>>>Xi5'l. seoxs^/^'t 
VEE€liS«7 tOBBtCNPNh7>>'X^'l, 3 6© 

1 7tc:^-rORlHlKI'lt«LT, VCCaiSfiTtVE 
E«iS«8t©M©fiBE^SNPNh7>-:^X^'l. 3 

6 fflft«ffitt 2 ©sli^siB©«E»T^)■;e^t/^^ < -r <5 r 

i<? [0 3 7 7] roORHKTtt. A;^@BfiS&7 

;W7r«fc5iV>NPNh7>':^X^'l, 3 6T«lriEbT 
c:n6NPNh7>>?X^' 1, 3 6©nV'i^3' 

tt. mfllSflEvccics;t$n-5. ;:©il6«, unSN 

PN h9>'i^X^'l, 3 6©3V>?^'©a&a*tT;l'7y 

©ifta fcsie LT L * 5 1 v» 3 ^AJ^^f s ;i t 
bfc**oT. Ky^hx^-Wtt^si^-rsj: 

[0 3 7 8] Sfc, c:©OR|HlKt<fcn«. Ill 7SI1S 

[0 3 7 9] zi<D^^\z. c(DfS2 4mmm\z^tni, 

2A*©OR|ilK(::^ViT. JK^ttt, 

t, BV7hX7-wttt. Mmmt^r-^Tmsit 

[0 380] $S2 5||ffi0l|* -027 

02 7», 4:%^©fi2 5iiis«i©»a@is$^-rgiis 

HT?*?). ®6©S!?a. fifl^, rnW^^'^ 

7>v'X^'i:> y-hSi9ia't'f#-7h7>>?X^'© 
xsyi'fcfttt^n, Atfl*V"<;W-H8!"r«J:5fcV 
-X S3?JSW ICS5«$ nfc«l?^« K 9 > J^X 3^ *> e. 
4y-X»«IsI)«tSi8»tT*SI&aieIj«j ©2 A*® 
NOR SBtaffl Ufc«^©m 2 «T?*«. 
[0 3 8 1] J:©NOR|el»B. AAHIKffi*, nWjr 
3'€VCCm)g«7lC»SStl, X5s;^'*nMOSh 

7>>?x3'i 2©y-hicsaisn&NPN h^^i^x 

i'l. 3 6T«!«U iBAigBStenMOS h9>-:?X 
40 3' 1 2 2Sit;fitt 1 3 *» 6i4.By-X»«0» 1 4 
T;ft-5>b©7?»S. 
[0 3 8 21 i:©NOR@l8r«, AtH*^feft* fLj 
= -0. 5 [V] . THJ =0 [V] , <IS*ft«VC 
C=0 [V]. VEE = -1.2 [V] tLftlB^iZ^ 
V»T. A*«^A, B= TLj ©»&. /-HI l©a 
JPE=-1.2 [V] . tH*®#X= FHJ t&D, AA 

tt. y-Hi 1 ©«££=- 0. 7 [V] » mi]mnx= 

59 [0 3 8 31 Z:z:\z. 2:©NORIlK-p». AAlElKfiB 



—527- 



53 

□H'5'«VCC«i6B7«c8SRSnfcNPNh7 
NPN h7>-:?X^' 1. 3 6©3l/'^^'$aiSaEVC 

[0 3 8 4] Sfc. JlWNORHJKTe, ECLHIgSJC 

[0 3 8 5] Sfc. ilODNORIilFS-ptt. ifJEUfeJc^ 
IC. A:*JlflIKffiS:fflJ35-r5NPNh7>v'X^'K 3 6 

«)3Wi?^'S®iii^vccK:@j£b. cine.NPNh 

[0 3 8 6] ;i®NOR@!Srtt. fl9ifil/fcJ:5 

IC. ECLlHlB»CJ:.5«^<DJ:5lC«S5«»A»(f^«ij5. 

[0 3 8 7] Sfc. 21®NOR@Krtt, A*© 

tVEEei|giS7i:©raiCNPNh5>xX^l, 36 

HI 8fc*-rNORIilKClfc«LT. VCCaSDB7t 
VEE«fifi8 t®ra®«EJ6SNPN h9>S^Xi' 
1.36 ®^l5Stt 2 ©PS)«ra©«ffi|llT»fcnt/hS < 

-rajit^fp^. HI 8Jc^-rNORi5iKJ:0"bfi«a 

[0 3 8 81 Sfc, c:®NORIil!STtt, A^IMKffl* 
7;i/7TlllcSl'>NPNh7>i?X3'l. 3 
Tt>-5*<. C:n6NPNh7>i^X^'l. 3 6®3^i' 

^tt. tmsffivccfcHjesns. j:®iie»> rns 

NPNh7>-:^X:J'l, 3 6®=lPi^^'©l&31*t7;P7 

«^x®siii'bE«UTU*5 tv>5W8*»«4r«;: 

[0 3 8 9] ::©NORlHl»tJ:ntf. SB18SI 

[0 3 9 0] ;i®j:^ic. z:<DfR2 smmmicjzna. 



(28) i|$MV6-2 1 67 56 

[039 1] fS26mt&m- -^28 

mr&<0, Ig5©!«§a, fiP^, rnwi^^s 

5JiRW«cs«sn> '^-x*A*iafrssi©A'fjR 

7>i^;^^'®X5y^'»CSl«2Sn. AU*l^'^;P*t-Ha! 

JO ■r-5J:5»caix'i;^'€35iewics«snfc®2®/t-f3j? 

;9:«»9liIKSj %2A:4®OR@l&lcafflU;&«^®l6 
2fif9T*-5. 

[0 3 9 2] C:©OR|sI»tt, AAHiaaS. nPi'^' 
SVCC«Si«7fcS«$n. X*y^'*PNPh9> 
i^XH'A, 3 9®'^-XK:gJttSnfcNPNh7>i^X 
3 6TfflflfcU ffi*|5IJBfiStPNPh9>S^X^' 
4Rt;fijS5*»eJ&:53ki/3'««S|5lK6i:. PNPh 
9 >5^X3' 3 9Rt/gtt4 0*»6ft«n 
a? 4 1 i:5£iJttT«:-5*>©T*S. 

[0 3 9 3] dCORIilB-ce. Ata**#& TLJ = 
-0. 5 [V] , THJ =0 [V] , flS*#*VCC 
= 0 [V] . VEE = -1.2 [V] 
T. XijmnA. B= TLJ ©«^. /-HI 1©^ 
= -1.2 [V] . a^ffi^Xv Y= TLJ tttO. A 
A«#A. B©V>-rn!9>— 3EFXttM:«r= THj , /-H 
1 loajEE=-0. 7 [V] , ffl*©^X, Y= FHJ 

[0 3 9 4] ^©ORiattrtt. AAHJSffl 

■a? £. 3U'^^'SVCCflilS«l7fcSiK5nfcNPNh7 
^i^X^l. 3 6T«I^LTl»^. EP^. C©A:^lHlK 
»*fl!«-r«NPNh9>v»Xi'l. 3 6®3|^i/^'£ 
«fi«£EVCCfcB]tl/. J:n6NPNh9>5>X^' 
1. 3 6®3l/'^'^'*tiia*«ffc;*t>J:5»CLTVi^, 

;i®is«. ^n?,npuhy>z^xfii. 3 6fc*»j5 
5 5-ja«s*<i,, I9ii!0»®ft#««< u iiiikia 

K®til*ffl®*4fc«atSS^;&:<-r*Ili:*»T?$-5. U 
[0 3 9 5] Sfc. ::©OR(sll»Ttt, ECLHIKUri 

45 <5«^©a:5icfi««ttA»f^*jeait«-f> mizu^ 
jBfaaifeaiffla*twi6-c»»5> iiojadiei/Tt). mm 

[0 3 9 6] ::©ORliIKTtt, ffi*El?SS?ICP 

N P h 7>S^X:J' 4 *»e?S:-5©?tlB»)ffi*©:«c#Vi3 U 
>?3'S«lHl8S6<i:. PNP h7>>'X4'3 9*^6&Sft 

«reflftie:«i©A€rv)3w^^«[»[eiift4 1 ^ta^tTV) 
c®ism. ft#*tss«'?»^ft7T>r'>h^©g5 
^?^®«^-C'6). iif^ilfi©fiT&iJ>tt<T^, ::©j« 
50 *»6LTt>. !aatt«s®-r<bc:i:«»Tf?s. 
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[0 3 9 7] rwORlHlKTtt. ^mLfz^V 

ir. A*lslK»*«l«t-5NPNh7>>>Xi' 1, 3 6 
03^i7^'€r«iSI|JEEVCCICS3£U rtl&NPNh 

[0 3 9 8] J:wORlHlK-Ctt, W^bfc«fc5 

IC. ECLlHl85CJ:«.«'&©J:5JC«IS5«JftAi(ifP*'iJ 

[0 3 9 9] C©ORiI»rtt, 

VEE«agiS8tfflflBlCNPNh7>vX:J'l, 3 6W 

1 gCSfOREFKfcittSEUT, VCC«»»7tVE 

EffiilllS t®raffl«£EII*NPNh7>vX5'l, 3 
6 <OM.^&Si 2 ©PSfflW©ffiBE»Ti)-fc*Jt/jNa < "T « d 
t*ft?#, HI 9C^-rORIiI»J:D"bfi«»fl*fl:« 

[0 4 0 0] ;i©ORI5|K77«. A*I1K«*7 

JI/7 7»f;:SliNPNh7>>?;^^l. 3 6-C«ll«L.T 

«S«£EVCCICH3tSn«. dtlSN 
PNh7>i'X^'l. 3 6®3Wi'^'®Siil*t7;p77 

[0 4 0 1] l^ilit. C©OR[BlKl:<l:n». SI 9^ 

[0 4 0 2] j:©S2 6^««gicj;ntf. 

[0 4 0 3] |g2 7|dg«a|- -02 9 
B2 g». 4:»l!Q©m2 7ld&0!l©a»S)|s)iS%^-ri5l» 

H-cfto. meomm. m^. rnu^^^^s 

X 5 y ^ tu Ata* ^'^;v*»-a-r 5 J; 5 V 

5y-X«fflIlI»St*tB:ttT*2>i&SIEI»j S2A*© 
N o R HKicaiB U&«^©S 2 «-t?a6a. 
[0 4 0 4] C©NOR@Ktt. AAHOffl*, nPi^ 
3'*VCC«ai«7fe:««Sn. XSy^'&nMOSh 



(29) i|$Ba¥6-2 1 6 7 5 6 

7>vX4'12. 4 3®y-McSK$n«:NPNh7 
>>^X^'l, 3 6TSI^t, IHAHBgSlCnMOS 
>5^X:$' 1 2Rl^fifiil 3d»e»5V-X»«l3»l 4 
nMOS h9>-;?X^'4 3»J?«tft4 43S»6a:*V 
-X»a|5IK4 5a:^£a:ltT;a:S'fe®T*.5. 

[0 4 0 5] j:©NOR@K-Ctt. Alll**fr* TLJ 
= -0. 5 [V] . FHJ =0 [V] . «S*fr&VC 
C=0 [V] . VEE = -1.2 [V] 
V»T. A*m^A. B= TLJ ©«^. y-Hl 1©® 
JEE=-1.2 [V] . tUijmnX, Y= THJ t^ftO. 
A5!j«#A. B©V>-fn*»-*XttW*= FHJ ©»& 
/-HI 10«E=-0.7 [V] , aiA«^ 
X. Y= fLj tii-S. 

[0 4 0 61 JlCfc, r©NORia»TB, A*liI5»a5 
3H'3'5£VCCfiji«l7C»iR$nfcNPNh9 
>vX^l. 3 6T«|{StTV>-5. BP%. C:©A*»IhIB 

S5^£fl!flET-5NPNh7>>'X3'i, seoai^i/^'^ 
«jH«BEVCClCH3tU J:n6NPNh9>-;>Xi' 
1, 3 6®3Wi^3'*ti&iiSJ$fc&V»<fc5»CUTViS. 
^ cmSSSk, J:neNPNh7>i?X3'l. 3 6fc*lt4 

»®m*fiI®*tt«fliS*i>7S:<-r-5rt«*T*4. b 

[04 0 7] Sfti, Jl®NORI5I»t?tt. ECLIelgSC 

j:««^®j:5K:a«««A»fpSiSMit-e-r. mzu 

[0 4 0 8] *fc, Jl®NOR[BlK-CH. Siti£l/«:J:5 
IC. A*IilKffiS«l^-r^NPNh7>vX^ 1. 3 6 

©ni/i^^£«ji®EvccR:a^u rn&NPNh 

^VS^X^'l, 3 6©3W^'4'*n6a*»fc)&:VJ±5fc 

<t. fi«as«ET©84f^s«[«-r«;it*t-c#s. L 

[0 4 0 9] Sfc. J:©NOR!l|»-Ctt. iJiSbfci^ 
ECL|ilK»cJ:5«^®J:^lc«iS«tt^lfi!if^*ig5. 

±5fc:UTV>«©-r, ttfi«T®«fp*»«t-«J:t)j« 

[0 4 10] Sfc, fSlC. c:©NOR0ISTtt, A*ia 
K»*«l«-r-5NPNf«9>i^X^'l, SeoXSy^' 
tVEESag«8tfflmCNPNh^>5?X^'l, 3 6 

H2 0K:*-rNOREI»lCtt«LT. VCCWSmi t 

VEE®aS«8t®W®®ff|ISNPNh5>>?X^' 

1.36 ©ft^^fitt 2 ©E5«womaRT^>fc*tt/h$ < 

•r-SJlt*JT!#. H2 0K^-rNORIslKJ:0t>fiifi« 
50 miJft^Bit^tifiT!^^. 
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1$ra¥6-2 1 6 7 5 6 

58 

[0 4 18] ClCDOR/NORIsIttTtt. ECL 



57 

[0 4 11] Sfc. JlONORlHlteTtt. AAHKSSS 



Tt»-5*», ::n&NPNh7>i^;^^'i. 3 6®ni^i/ *lcP"<;k&€»-rsc:tTa&Siai31*<ff*>n-5. Lit 

^'tt. «ifi«ffivccfcfiaig*n-6. cms ifi-ox. iSimftfSim9mifi^mT&*)s z.ff>jSi.ii^f,bx 

T«»C.k^V7hX7-lC±:3TRlKbTl/*t'i, [04 19] C©OR/NOR|llKTtt. mt)^ 

[0 4 12] CONORlHllSlcintf. 312 oil iO ij^CS^Tt). «lff3lffi®lST&^/S:<rsCli:**T€r 

S5^-rS^:fc*n?Si. [0 4 2 01 r©OR/NORl3lK'Ctt. iJJEL 

[0 4 13] ii©^2 7^«lrj:ntf. fci5lc, XAElKffiSWfiK-raNPN 

2AA©NOR|ilKHCO(,>T. ilSiittt. fifflftflAtt 1, 3 603Uir^'*«Ea£EVCCtCH)eU dtlS 

iBV7hX7-i8ttt, KftffltttS-T'STSiat- NPNh5>i?X^'l, 3 6®3W-i^^'*ti&aS}$fc!a: 

[0 4 14] 3(2 S|lig«q- - H3 0, H3 1 iltt$/:i:< U fi^mEET©ftf^%filfi[i-r-& r ^«t>T? 

H3 0tt. 3|£«W©^2 8^W©iftSlHl8S*^-riHFK $5. VltiP^X. «ffi»«*tt&SISf S 2: t«»T?€r 

Hr»o> ^9©»?B, BP%, r^i, ^ a? 5. 

2. mS. 114, US, He. ll7Xtt^8©KW©ai [042 l] j:©OR/NOR|iI»-C(4> ECL 

niKJcaffl Lfc*&&©ii 2 mx3a^. m\z U'^jpses-f ^> ^ tTisajaa^ff 5 .fc 3 \z lt 

[0 4 15] r©OR/NOR0K«, AAlslKBSS. t>-5©T. fiSSfETWHlfPSSI^g-r^):: t*JT€r5. L 

3^i^3'*VCCSSai7fc86RSn, XSy^'SPN fc*toT, C©jiS*>6l,Tt>. fifi»«*tt*s^-r« 

P )-5>vX3'4©-^— X&tXnMOS h^>J'X:5'l 

2©y-hCffiR3nfcNPNh7>i?X3'l. 3 6T? [0 4 2 2] m'. w©OR/NOR0KTftt. 

mAI3»»lc:PNPh5>i'X^4Rtffitt5 XAIeIttgBS«|J«-raNPNh5>S?X^'l, 3 6©X 

*»6*:-5nWi^i'aSflfi0B6t. nMOS h^>5?X3' 5 yi'iVEEfligi»8 t©WfcNPN h5>5?X^' 

1 2Rr^Stftl 3*»6«:«V-Xfttt0KH4tSI8»t 1. 3 6©ft1^fit«[S»iK^Si5CttLTV^a:V^. r 

Ta:5fe©-e*S. ©*S*. H2 1 iCaR-rOR/NORlHlKICittjEUT. V 

[0416] ClWOR/NORHIBTtt, AlUA*fr* CCeffiGB7 tVEE«K»8 t©m©SJBEII*NPN 

TLJ =-0.5 [V] . THJ =0 [V] , mM^^ h7>^X3'l, 3 6 ©fti^fitt 2 ©MSS^romEKT 

&VCC = 0 [V] . VEE = -1.2 [V] iJ>fc*lt/hS<-r^Ct*«Tfr. H21fc*-rOR/NO 

&K:*ViT, A*fi^A, B= TLJ ©»&, /-HI RIin»J:D'bfi«»«*fl:«H5Jlt**T€«. 

1®SE=-1.2 [V] . W*m^X= TLJ . mil [0423] JlWOR/NORHaTtt, AAHI 

«^Y= Thj tftO. A*fi^A, B©V>-rn*>-;& »»S7;W7T«CSViNPNh7>-;^X5'l. 3 6t? 

XttPl35r= THj ©ii^, /-HI l©aBE=-0.7 «|J«L/TI^»-5*^ cn&NPN h7>':?X^' 1> 36© 

[V] , m*ffl^x= FHj , mmnY= flj t& nu^'^'ri. asaavccicEaje^n*. nois*. 

s. 40 ;:n^NPNh7>>'x3'i. 3 6©nixi'^'©a&a!&t 

[0 4 17] CC:iC> C:©OR/NOR|5IKTtt, A* 7A7yJilCJ:*y 7 hX^-fc^oTHCUTL* 
iHFKffiS;, 3Pi^3'SVCC«a«i7ICj»fi!anfcNP . V». tUA^^X. Y©iiat)RClxTUS3i:t»5«fa8 

Nh9>5?Ai'l, 3 6"C««UTVi«. BP'S. CWA !fi«»fltr«J:tttttt>. l/fc*«oT. «y7hX9-W 

A|5I!Sg??£«|fS-r5NPNh7>vX^'l, 3 6©nW ttS^StSr i:*tT^^). 

i'^'*«JgS£EVCCJCH)£U J:neNPNK7>>? [0 4 2 4] *fc. C©OR/NOR|5llSJCJ:ntf. IB 

X^'l. 3 6®nl«'i7i'i6»l6a«»fca:V»J:5ICLTV» 2 1 Slli«fcJ:-S»&lrJttjfLT, ^ftV^SSl^aT?. H 

5. C©ilS«. e:n&NPNh7>>>X3'l, 3 6lc:te -©a&aa68S3riET'5i:i:**T*S. L.fc*»oT, tS 

RBK©ffi:ftffl©*tt««iSSil>;te<-r-5Jli:*t-c^ [0 4 2 5] r©J;5lC, c:©ll2 8^fliIlC<tn«. 
«. LItifinX. iSattS^-r<5J:t*»T*<5. 59 2AA©OR/NOR|5IISft::PV»T, K^ttt, ffi^ft 
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59 

[0 4 2 61 Cl©OR/NORl9l»«. 

<5. 94«PISvU3>S«, 95-98ttSi 

[0 4 2 71 9 9ttNHT»D. r0Ne9 90 

-5^. m^9 9A<DSii^\tNPNhy>z^X^l. 3 6 
03^^^'i&;5:rB?5)'Ta&Sp lOO^NPNh 
y>i^Xi^l. 3 6(D^-7.^i&'ri^m. lOlf^NP 10 

[0 4 2 81 sfc> 1 0 2\tpmr^r). ciop^io 

2<D^t>. ««1 0 2A<Z>g8i^ttPNP h^>vX^4 

lOSBPNPh 

^>>^X4^4©^-X*&*rN@. 10 4ttPNPh^ 
>i;Xi5' 4 0X5 u/r^'^J^t-PBTfe^o 
[04 2 91 ^Tc. 105«fi$T[5. IS^^^-TaHUv 
Uri>@, 1 OeiinMOS h^^i^:^^'! 2£«Jg£T 
^}^86(DP®. 1 0 7finMOSh^>>^X3^1 2CDH 
U-f>$&-rN®, 1 0 SttnMOS h7>vX^$^l 2 20 
oy— XSJifN®, 1 0 9ttnMOS 

[0 4 3 01 ^fc. 1 0 5A\t:3y^^ hSt^^O. Z. 

■rNji9 9 AK:?*"r<5saamEvcc<z>wjp*PNP h 

2 ©ft^SStS 1 3 ^;fa:-r3l^U v'U 3 >S 1 0 5 ^^M^T 

[0 4 3 11 c<DM3io>m&mr\t. xijm 
tmm^m^^m'^T. imo^^mwm (pjaioo) 

XiJ^l, 3 6(DX^:y5'^&*ii©*»«c^T«!dJf^C: 
[0 4 3 21 r<DH3 l<0«riK«T?«> NPNh 

"yyz^x^x. 3^(r>nv!7^^irrnm^9Mzn^ 

§«aS«flEV C CcDBJiO^ P N P h ^>vX^ 4 CDft:?^ 
fifii5&r;riMOS hv>>^X3^1 2<Dfi?5fitn[l 3^ 

[0 4 3 31 ^Tc. C(DS3 l<OffiAffi|T». 
V E E omWU t UTcOHUn^ P S v U n > 

[0 4 3 4] »2 9^«- -03 2. 03 3 
B 3 2 :^Xm<0$R 2 9 |g|&0l|(Dil9|pI»&^-riHlK 59 



#M¥6-2 16 7 5 6 

HTSo, ^fw^wi'^ mso^m. Hi*fe> m 

2. ^3, ®4, ^6. m7Xa®8C!>»Ma)§a 

[0 4 3 51 dcDOR/NORIelgStt. A^lelBa*. 
3l/i?^^SVCC®iE«7lC»fi$n, X^-y^^SPN 
P h^>>^Xi'4<0^-X»tKnMOS hy>z^X^^l 

2©y-h(rajia$nrcNPNh^>>?x3^i. 3 6. 

110, 11 ITfllriEL. ai*l9lKS8lCPNP hy>z^ 

OS h^>>?x^^ 1 2ifer;aRi 3*&;ft«»y-x»« 

©Kl 4 tS^ttT;5:^t>OTfe^. 1 1 2ttA 

A«H^, 113ttA*ffl^, c/DttA*m^T*-5. 
[0 4 3 61 2:<DOR/NORl5l»Ttt. Affl:ft*fl=« 
TLJ =-0. 5 [V] . THJ =0 [V] . Sfi^fr 
*VCC = 0 [V] . VEE = -1.2 [V] tLrc« 

/-F 1 lC!)Sffi=- 1. 2 [V] . ffl*<i^X = 
FLJ . mi3mnY= THJ t;a:0. A*M^A, B. 

c. D<oimsk±== THj (^)«'&, y-Hi i©®ffi= 

-0. 7 [V] . tBA«^X= THJ ; ffl*«^Y = 

FLJ t;ft^o 

[0 4 3 71 Jieil^. ^KDOR/NORHJKTtt, A* 
:3i/i7:5'^VCCIIig®7l::Stt$n>tNP 
^hy>i^7.i^l. 3 6. 110> 1 1 n^ffij^UTl^ 
^« NPNh^>i^X5^1. 3 6> 110, 11 

10!)nl/i7 5^§SS«flEVCCtcH^U CineNPN 

h^>5^xa^i, 3 6, 110, 1 1 i(Z)3i^i7^r;jtaa 

h^>-:^X4'l, 3 6, 110, 1 1 l{C:felt^5^- 
[0 4 3 81 afc. e:<DOR/NOR[5Ii»Ttt, ECL 

[0 4 3 91 C:©OR/NOR|5l»7?tt, W^Iil 

Kffl^CPNP h^>i^X^4d^e:^^©#BS!itE*co;^ 

«^ 1 0 moA^ffl&sm^^Scy yyy^ h^oKft 

[0 4 4 01 "^It. CKDOR/NOREK-Ttt. WiSU 

fcct^Jc, AA©»»^««-r-5NPNh^>':;xi^ 

1, 3 6, 110, 1 1 l<Z)3Ui7i$^$®S®ffiVCC 
ICHJfeU dtlfeNPN K^>>?X5^ 1, 3 6, 11 
0, 1 1 103U^5r*ti&SS:i$fc^ViJ:^ICLTViS 



61 

[044 11 c©oR/NORiaKTrtt» tmi, 

[0 4 4 2] *&. ^lOOR/NORUDBTtt. 
AABI!SS8S«JSr5NPNh7>i?X^'l, 3 6, 1 JO 
10, 1 1 lOXSy^'i, VEEfiag«8t®IBIfcN 
PNh7>v'X3'l. 3 6, 110, lll©ft?^fitt 

« 7 1 V E E«Si« 8 1 ©WCDfltlESSN P N h 9 VS' 

x^'i. 3 6. 110, 11 1 

[0 4 4 3] COOR/NORiaj»T?B, AAEI 

isaE^7;^7Ti^l^cp^»NPN^7>vx^'l, 3 6, 

110, 1 1 n?«J«UTlriS*t, cneNPNh7> 27 

$?x^'i. 3 6. 110. 1 1 ironw-i^^fiffiEaBE 
VCCfcH3£Sn«. c:©te«. CinSNPNh^^j' 
X^'l, 3 6, 110, 1 1 l©3Wi7^©S4a*t7;i<' 
7rfitJ:-5y7H7-JcJ;oTEeLTL*v», HI 
A©^X. Y©iai!'bEtebTb*5iV»5*a*I56* 

[0 4 4 4] ;:©OR/NOR@afcJ:#ltf, E 

[0 4 4 5] c:©J:3ic, ;::©m2 9§lffif9icj:n(2. 

4X*©OR/NOR[il?SIC:3liT, KSIfet, ffiiBS 

sesr* Ciders*. 

[0 4 4 61 ft*. H3 3a. COOR/NORHIK® 
U'f 7':/h«i|*a^-r¥ffi0T*D, H3 3 (A) Blfc» 
Ji&t^Sin[@©l^'r7^h«I. 03 3 (B) \tWm<0 

[0 4 4 7] 04>. 1 1 4ttNS, 115, 11 6ttS 40 
i Oj 6)4 ■SS?^*®. 1 1 7 ttN P N h 7 ^i^X^' 
1. 3 6©'^-XSft-rPe. 118ttNPNh5>S? 
X3'l. 3 6©X5yi'Sa:-rNe-p*«. 

[0 4 4 81 1 1 9ttNPNh9>>^X3' 1 1 

0. 1 1 1©'<— XSiftfPS. 12 0ttNPNh7> 
yx^'llO. 1 1 l©X5y3'*ft-rN^. 12 1tt 

fifts, 1 3*ft-r*'J>'Un>sr*?>. 

[0449] S&, 1 2 2«PNP h7>i^X^'4©'^ 
-XSrft-TNe, 1 2 3ttPNP h5>i?X3'4©X5 



$fffl¥6-2 1 6 7 5 6 

HU-f>«ftrN®, 1 2 5«nMOS h7>>?X^'l 
2®V-Xi6ft'r NST^-S. 

[04501 ft:fc, 1 2 6ttNPNh7>>?X3'l. 3 

6. 110. 1 1 ifcfti^tt&asRf 5<&&fc«y8-r 

[04511 ^30||Jg«1- -034 

H-?»D. 2tc9)!i»4'. »9©9Sn. BIS. rfgi, fa 

2. ®3, S4, ms. ^6, m7XttSl8©»??©^ 
al2F^SS^^Tft•6iiaIsI»J i&2A:<!j®AND/NA 
ND@ISicaMl//l«^©^ 3 0!|T»<S. 

[0 4 5 2] J:®AND/NANDIaJKe, AAlelKffi 
«..3U5'^'&VEEfffiE«8lrS«$n, X5'>^'i& 
NPN H^^S'X^ 1 8©-^— XRlXpMOS l-7>>? 
Xi'8 9^y-MC»«an*:PNP h9>5?X3' 1 
5. 8 7-e«I^U fflAlHl!5«KfcNPNh7>>'X3'l 
8StfSJil 9*^6^-53 l/i/3'a«0K2 Ot, pM 
OS h5>i?X5'8 9RI^tri9 0*»6ft5V-XfiS« 
0859 1 t£^ttT;i.5fe®t?*^. 

[0 4 5 3] j:®AND/NAND|5IISJc:feV>Ttt, A 
TLJ =-1.2 [V] . fHj =-0.7 

[V] . «ti*#SVCC = 0 [V] . VEE = -1. 
2 [V] tLfc«^IC*ViT, A*M^A, B= FHJ 

®«^, y-H2 i®aff=o [V] . mi)m^yi= 

THJ , W*M^Y= TLJ taO. A*«^A. B® 

i»-rn*>-:&xaes*= tlj ®«^. y-H2i©m 

ff.= -0.5 [V] , ia*©^X= TLJ , HlAe^Y 
= THJ tftS. 
[0 4 5 4] ret. ;:©AND/NAND|g»T?tt. 
A*lilKffl€. 3Vi'3'«VEE«igl88t»iR$nfc 
PNPh7>5?X^'l 5, 8 7T?«ldtLTl»<b. H]%, 
PNPh^^SJX^'l 5. 8 7©al/ir5'*eKfi]BEV 
EE»C@J£U ;:txe.PNP h7>>'X^' 1 5, 8 7© 

cnePNP h9>J?X5'l 5. 8 7fc*»t'6S7-ai 
^$;%<L. ltlS[BlK©ft«$6< U lt|gi:l§IK©tUA 

[0 4 5 5] *fc. C©AND/NAND|BIKT?tt. E 

[0 4 5 6] C:©AND/NANDIsJ»-ett, tU 

ABKfflCN P N h 7 >>'X^' 1 8 *i 6ft-5^«fffll!llB 
*©:*:$^oPi'3'tt«0K2 0*SWT^»S. ii©|g 
Ii. ta*ffl^l 0«8®©^^*tfiE«^#»7T>T'>h 
^®igS6^^©«^-t?"b, 8!ifpjiffi®fiT«'>ft<-r-5c: 
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[0 4 5 71 C:®AND/NAND|5|KT?tt. Ill 

n6PNPh9>>'X3'l 5. 8 7 0nl/5'^'*»»a!* 

[0 4 5 8] afc. J:WAND/NAND|lIBTtt. SJ 
JEbifci^l-. ECL|Hli&JcJ:S«^oj;^(cSiS«lft 

[0 4 5 9] i:©AND/NAND@gST? 
H, A:^lHlK«*«l«r-5PNP h7>':?;^:5'l 5, 8 
7®X5 5;^'tVCCflilg»7tCDKlCPNP h7>i? 
1 5, 8 7®ft«ffittS»iKf «J:5«cttbT»ri;^ 
c;cDilS«. H2 4{C*-rAND/NAND0gSCit 
tibT, VCC«SKB7 tVEE«aeB8t®|B1©«ff 
H&PNP h5>>?X^'l 5, 8 70ft#fittl 6CDPI 

mwK^nsmr^mfhi < -r* c: a 2 4 k 

a^r A N D /N ANDiaKJ: D 'bfitBJMIAflsSH* j: 

[0 4 6 0] C:©AND/NANDI5Ij»T?«, A 

Aiir»«*7;v7r«fcSViPNP 5. 

8 7T?«||«LTViS*t. ;inePNP h7>>?X^l 
5, 8 7®3Wi^5'tt, ®JgaBEVEEiC@3£Sn5. 
;i®ie«. cn6PNPh7>>?X^'l 5. 8 7©3W 

[0 4 6 1] Sfc, e:©AND/NANDIsIJ!5IC*n 

tf> ECLglKK:±S«^»::tfc«!bT. ^&v»3!l^» 

T. iBi-©»a«iB*a*-r-&j:t*tT?$s. 

[0 4 6 2] doi^fc. j:©m3 0S5ig«yic<tn«. 

2X:/)©AND/NANDl9l«»c:3V>X, ifSiltti. ISi 

[0 4 6 3] f^^immm - -035. ^3 6 

H-c*0, M9©%W. fiP-^. rmi. S 

2. ms. S4, ^5, ^6. m7Xttm8©%?g©|& 
aHK^^Ai-eas^SIfilKj *2A*©AND(5IK 

(DOT-ANDIHII&) fc2[fflUfc«^©-«Tf»5. 

[0464] Htf. 1 2 7ttHUC^f#NOTI5|!8 

(.mi^mmoiSimmm . 1 2 8»a:4^. 1 2 9 

l4NPNh^>5?Xi'. 13 0ttfijii. 13 1ttPNP 
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h5>i^X^'r»0, NPNh7>5;x3'l 2 9t. & 
laiSOt. PNP h7>>';^^' 1 3 1 fiiaSt 
#NOTlpl»l 2 7 t^-«!.riE©#NOT@»l 3 

[0 4 6 5] C©ANDiaKtt. H3 6lc<b^r 

i^tC, A*M^A*tA*^n5#NOT@|&l 3 2 
t. A*®^B*tA*5ni#NOT|aI»l 2 7tS, 
y-Hl 3 3-Ci|g«U ^NOTBKl 3 2 0U1AA 
t. #NOT|ll5l 2 7©ai*Bi£ANDjaaixT;a: 

[0 4 6 6] ^IJIIC, j:©AND|5Il«-ett. A*lHlif&« 
S. 3Ui^3'SVCC«Jg||7K:gSHSnfcNPNh5 

>-:^x^'i2 9, irfli^bTViS. w^. cin^NP 

Nhy>>>7.i^l2 9. l©3Ui'3'SfliSSt£VCC 
fcHJgU rn6NPNh9>5'X5'l 2 9, 1®3^ 
i'5'*ti6aSJ$fc&V»i31CLT^i«. r©IS«. NP 
Nh7>i?X^l2 9, 1 lC*lt55v-a*&*< 

u i9a0»©fli?*«»cs<'rscit*tTr€r-5. 

[0 4 6 7] C©AND|iI»-Ctt. ECLHKt 

T. ^WiWrnVkMifi^mxibf}. J:©;^*^6LT«>, 

[0 4 6 8] ^©andiiistm:. m:/!i@isfl:ic 

PNP h^^s^x^'i 3 \ i)-^^t3.^^mmmmn<oi^^ 
^t^avif^mm'^t. PNPh7>-:^x^'4*i6;^s 

35 ^:®iie*, ft^5*igEi8^*»75'>T'>h^©ies 
fti?f©«-&r'fe. S!if^jiS©fiT«ii»ia<-r-5cit*tT 

[0 4 6 9] C:®AND0SeTtt. AAEKffi* 

«jfr5NPNh5>J^X^'l 2 9. l©al/'4^^'Sm 
jSSBEVCCfcBJtU rn6NPNh9>i^Xi'l 2 
9, l©3lxi/3'*J|assJtfc;iVii3lcL.Tti5© 

SiSB6T®a(lf^*fll«T-5C:tJ»tT^.&. b&*^oT. 

[0 4 7 0] Sfc. rOANDBKTtt. ECLIhIKC 

<fc5«^®J:5K:«i6«|ftjt»f^SiJJ.St-&-r, 

'^;v*<ai-r -5 c i-cnaftiasff 5 j: 5 c bTv>«© 

T. <£^iST®af^i£fl|{S-r<5;it*tT€r5. 

[0 4 7 11 *fc. 2:©ANDia»-ett. A*0IS»* 
7;l'77«lcai'^NPNh7>>'X^'l 2 9. 1 Tfll* 
LTt>**«. ;in6NPNh7>i;x5'l 2 9, 1©3 

flo i/'i'^'iifififfiEvcccii^tdns. c©is». 
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e.NPN h7>>'X^'l 2 9, 1 ©3 ki' 3' ©8131*^7 
ttl*«#X ©aiatfife LT b * 5 i: 5*38**S!Sfe-r 

[0 4 7 2] S&. C:®AND|5IKtJ;ntf. ECLIhI 

[0 4 7 3] Ji©J:5C. c:©S3 iiag0ijtc±ntf, 
2AA©AND|5II8»COl-»T. B»ttt, ffi«JHI*tt 

[0 4 7 4] m3 2mm' -hs?. bss 

g|3 7(i. 2»:%9Q©m3 2^M©g|9[»]BS£^-r@IS 
H-C»0. ®9©5!M. fiPt. rgl, S 

2. ^3, ®4. SB5. ®7Xe^8©«W®li 

fflL/&»&©-«|7?&5. 
[0 4 7 5] Hf. 1 3 4ttHl 7tC^-r2A*©OR 

19% m 1 immvKommmm > 135. 1 3 6»a 

:ftJSi^, 13 7. 1 3 8ttNPNh5>i?;^^'. 139 

liffilfi, 1 4oaPNP h7>-:^x^-e*-5. 

[0 4 7 6] Z:Z.\Z. NPN 1 3 7. 13 

8, «ttl3 9. PNPh9>yx5'14 0Rt«lift5 
-eO R UK 1 3 4 &P|-«i«©0 RHUS 1 4 1 im^i 

[0 4 7 71 HJ%. CroOR-ANDiaiStt, H3 8t 

4 It, xijmnc DdJAAansoRiutei 34t 

y-H14 2-t?jS«U OR@»14 1®HlA (A 
+ B) t, ORHIKH 34©ttlA (C+D) iSAND 

jaaLT^ism^ (a+b) - (c+d) 

t&t>©T»-5. 

[0 4 7 8] CC^lr, £:©OR-ANDIlII5Ttt, A* 

miissss. 3Wir^'svccaig«7jcstt3n&NP 

Nh7>i?X^'l 3 7. 1 3 8, 1. 3 6T«*KUTV» 

<5. m^. c:neNPNh7>v';^^'i 3 7. 13 8, 
1, 3 6©3H!'^'««iEaBEvcc»rsg)£u line 

NPN h9>>?X^ 1 3 7. 1 3 8. 1, 3 6©3Ui' 

^'**i&a&«f&&Vi±^icl/TV>*. j:©i»g«, ins 

NPNh9>yXi'l 3 7, 1 3 8. 1. 3 6C:fe»tS 

»®m*ffl!i©3flsiS[fi«ifi£^&<-r*;:i:j&<T;s-5. u 

[0 4 7 91 Sfc. Z:©OR-AND@Brtt, ECL 



(34) 4$MJp6-2 1 675 6 

[0 4 8 0] Sfc, J:®OR-ANDl5IKTtt, ffli^JlEl 
KffilCPNP h7>-:>X3'l 4 0A»^;ftSft|Bfffi!ftl8* 

<D±^ 1,^=1 ui/^^m^m^t. PNPh5>-;^x^'4*^ 

[0 4 8 1] C©iie*. ^?^*«gE«^^a7 3'>7'> 

i<> [0 4 8 2] Sit, Jl©OR-AND|5IjST». 19*61, 
fcA^fc. A*0ttffl*«!lifr5NPNh5>$?X3'l 

3 7. 1 3 8, 1. 3 6®3Vi^5'S«iSISflEVCCI:: 
HJtU J:n&NPNh7>-;?X^'l 3 7. 1 3 8, 

1, 3 6«»»a*»fcftVsJ;5K:UTt»'&0-C. ^I^fi 
$ilC<):^IIJEE|t|Ttl)^i%&ft<L. ffi«fifUEE-p© 

[0 4 8 3] j:©OR-ANDia!S-T!tt. KTifiU 

fc<fc5J'. ECLlHltelC<fc.5iB-&©J;5»c«S5«|ft;Jltt 

[0 48 4] Sfc, ;i®OR-AND|alK-Ctt. A:^® 
l»«*T;W7r«fcaViNPNh9>3?Xi'l 3 7. 1 
3 8. 1. 3 6Tffi)SLTV>.5iO«, C:n^NPNh^> 
i?X3'1 3 7. 1 3 8. 1. 3 6®3W;J'^'tt. ajg« 

jBEvccKHffi^na. nfflis*. cnsNPNh7> 

i?X^'1 3 7. 1 3 8. 1. 3 6®3l'i'^'©a&a*»7 

Hi*M^x©iaafeReLTL*3 d:u5«pffi**«^-r 

[0 4 8 5] Sfc. H©OR-AND|li8K:J:ntf. E 

©aanigsaj^-rsjit^t-c^s. u)S:*tt>T. am 
[0 4 8 6] c©i5fc. corns zmmmz^na, 

[0 4 8 7] «3 3m9* -83 9, H4 0 
H3 9H:. *»^©SB3 3^9l©i[i9lBlK«^-riaift 

H-C*t). ^9®«?S. BP^, r?Bi, ^ 

2. ^3. 114. ms. ^6. m7XitSS8<0^m(0^ 

mmm'&fc/um^^mmm ^not-andisis 
(NORiHiB) \zjsmLtLm^<o-mr&^. 

[0 4 88] B+. 1 4 3eH2»C*-rNOTEI» 
2 Ilt60!©g&9[5l%) .14 4 1 4 5 »N 

50 PNh9>i?X^', 14 6ttfitt. 14 7»nMOSh 
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[0 4 8 9] CCIJC, NPNh7>i^X^'14 5. fitt 
14 6. nMOS h^^-;?^^'! 4 7Rt^g^l 3TN 
OTHKl 4 3iig-SI«<DNOT@)»l 4 8)WI«fiKS 

[0 4 9 0] Wt. CWNOT-ANDIalKtt. H4 0 
K-bS-TiiK:. A*©^A«tX*3n.5NOTia»l 
4 8®ffl:^jffit. A*#^B*tA*$nSNOTlHlgSl 
4 3 0Ul:^^<tSry-Hl4 9-rilSISb. NOTIalKl 
4 8©ai*/Ai:, NOTEIKl 4 3fiDaA/B,!:*A 
NDfflai/T;a:*ffl#/A -/BS^ii^fcbfctXD 

[0 4 9 1] CJIIC, ClONOT-ANDlHlttlftt, A 

ni/i^ir*vcc«S«7k:SBR$n&N 

PNh5>J?X^'l 4 5. l-p«ri6UTt>5. IP^. C 
n&NPN h5>>?X^'l 4 5. lOnl/'i^^'SaS® 
ffiVCCKH^L, J:n&NPNh7>-:^X^'l 4 5. 

C:ne.NPNh7>i'X:J'l 4 5, UCi5Jt*5 7 
[0 4 9 2] C:®NOT-ANDl5IK-ce, EC 

[0 4 9 31 C:®NOT-ANDI3»T?tt. B3)£ 

bfc<k5C. AAIfiIJSSS&«l«-r«NPNh^>i?X^ 
14 5. lC!>3l/i/^i&«®«ffiVCCICE3*U Cin 
6NPN h5>>?X3'l 4 5. I*t|&a&j*&«:«ri<fc5 

[0 4 9 4] S&. rWNOT-ANDIlBTtt. MJ£ 

[0 4 9 5] e:©NOT-AND[aIISl?tt. A* 

@»»«7Jl'73'eiCPV»NPNh9>-:?X3'l 4 5. 
l-C«|j«bTV>«3Jt, i:n6NPNh9>3';^^'14 

5, i®nwir^tt, «ig«ffiVCCir@3e3n-5. c 

fflite*. CneNPNh9>>?X:5'l 4 5. l©3Ui' 
©»a*«7;i'7 rSHCi <5 y 7 h o TRIE 

[0 4 9 61 ^©NOT-ANDlHllSlCitlti. 
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ECL|5IKfcJ:*«^»CJt«L.T, ^ftV^Sl^T. H 

[0 4 9 7] coi^ic. c:®»3 3ll««ic*nii. 

NOT-ANDIilBlcr>tiT. Kiittt. fll?gS®*tt 

[04981 m34||t&«9* -6141. B4 2 
BI4 Itt, *^W®m3 4^0!®l&aiHlg5*^ri5IK 

io H-r&o. m9®«?«. IP*, rui. ^ 

2. ^3. 114. ^5. |g6. ll7Xi^8©%qQ©il^ 
aIalKS^^T;^S:2>iSallI^SJ SNOR-ANDIhIKK: 

affli/&«^®-«nf*s. 

[0499] 04". 1 5 OliBl 8JC*-r2A*NOR 
m\ 8SgtSffl©il^9@») . 15 1. 1 5 2I2A 
*SS?. 1 5 3, 1 5 4ttNPNh7>v»Xi'. 155 
yimi, 1 5 OttnMOS h7>i?X^'-p&-5. 
[0 5 0 01 NPNh5>>?X^l 5 3. 1 5 

4. fiial5 5, nMOS h7>>'X^'l 5 6Rt^Set 
a? 1 31?NORIlKl 5Otl^-«l*S©NOR0Kl 5 7 

[0 5 0 1] IP^. ::©NOR-AND|slK», BI4 2 

{Ct)^-rj;5»C. A*M^A. Bi6»A:^J5n-5NOR0 
Kl5 7©W;f)/ (A + B) t. A:^1B^C. Dd^A:^ 
Sn-SNORI3»l 5 0©aA/ (C + D) tSAND 
fflatTfeSm^/ (A + B) •/ (C + D) S#<5J: 
5ICLfc"b©-e»«. 

[0 5 0 2] JiroNOR-ANDHIKTH:, A 

3l'i'^'&VCC«BB7fc««Sn&N 
a? PNh7>>?X:J'l 5 3. 1 54. 1. 3 6T?«^L'T 
t»5. BP*. r.tl6NPNh7>5?X^'l 5 3. 15 
4. 1. 3 6©3Wi^^'SSSifflBEVCCCH3tU Z. 
n^NPNh5>>'X^l 5 3. 1 54. 1. 3 6©=l 

n6NPNh5>5?Xi' 1 5 3. 1 54. 1. 3 6fc* 
lt55 7-J8«*;4<U iJSIll»©ft?(f*e< U Kl 
g:liiK©ai A(ffl©*ft««J6S^^t < -rs c: t*tT€r 

[0 5 0 3] C:©NOR-ANDlBlK-ett. EC 

40 L|5iKtcJ;S«fr®J;5lc«iiSt«ift>lS!»fPSi£JSt-li- 

[0 5 0 4] rwNOR-ANDIUKTtt, 
bfci^t. A*lHlBaSS!i«-r-5NPNh7>>'X3' 
1 5 3. 1 5 4. 1. 3 6®3l/i^^')e«jS«)EVCC 

jcHjeu ;in5NPNh7>>'x^' 1 5 3. 154. 

1, 3 6©3H'^'*ti|as|9fc;4nj;5|cl,Tti-5® 
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[0 5 0 5] dODNOR-ANDBK-Ctt. IJliB 

[0 5 0 6} dWNOR-ANDlHlK-rtt, A* 

liIKeS*7;V7ria»CSViNPNh7>>'X^'l 5 3. 
1 5 4, 1, 3 6t?«^LTV»-5**. Zitl^NPNhy 
>i?X^'1 5 3. 1 5 4. 1, 3 6©3Wirirtt, 
«JEEVCClC@£$n*. CffllSS, cnSNPNh^ 
>>':^^'1 5 3. 1 5 4, 1. 3 6©3Wi'^'®|fea*t 

[0 5 0 71 ;:©NOR-AND|iI»fcJ;ntf. 

ECL|5FKlc<k««^lcitliEUT. d>;(a:Vi*?^»:-t?, 1^ 

[0 5 0 8] c:©J:5Jw, c®m3 4^J6WcJ:n«, 

[0509] mssm^m- -043, 044 

0T»D. S9©58W, HI-&, rfgl, SB 

2, ^3, ^4. ^5, ^6. ®7X»iB8©5e?^©l& 

SlHl^s«^^-eJS:sl&aIil?SJ &*not/not-a 

NDlplK»CfifflL&lfr&©-flT».5. 

[0 5 10] H«f«, 14 3ttiaaUfci5K:H2fc*T 
NOTHIS (M2||JgM©i&ffi|sI?$) , 15 9ttA*« 
f-, 1 6 0J4NPNh7>>?;^^'. leittfijri, 16 
2ttPNP h9>5?X^'T»-5. 

[0 5 1 1 ] Jl^lJC, NPN h9>>':^^' 1 6 0, fits 
16 1, PNP h^>v7.^1 6 2»,cmttl 3-CHl 
t^-r#NOTlBlKft^-fi!jSE©*NOT(5IKl 6 3ifl 

[0 5 12] BP-^, :1©#N0T/N0T-AND|5IBS 
tt, H4 4Ct>*-rj:5lC, A*®^A*JA:)!l3n** 
NOT@»l 6 3©fflA«t, A*«#B*tA**n5 
NOT0K1 4 3®ffl:>j«tSy-Hl 6 4-CjS«U 
#NOT[5I»l 6 3©a*Ai:. NOT|Hl»14 3©a 
*/Bi&ANDfflSbTft-5«^A • /B?£#«J:5 
lCLfct>©T?»4. 

[0 5 13] mc. e:©#NOT/'NOT-ANDI5| 

«sn&NPNh7>-:^:!^3'i 6 0. iT«riiUTt> 

<5. BP*. C:n6NPNh5>i?X3'l 6 0. 1©ZIW 



(36) 1$08¥6-2 1 6 7 5 6 

i'^'seigeBEvcctciatu c:n&NPNh7>-:? 
j^i'ieo, i©nui^^'*tiaas^fc;itij;5jtux 
viS. j:©ii8«. c^neNPNh7>>»;^^i 6 0, 1 

[0 5 14] C©#NOT/NOT-AND0» 
-Ctt. ECL[gKIC.fcS«^©±dJcmJS«I»iLS!lfP* 

10 ton*. tfc*toT. i^mttismsmii^^-v&r), c 

[0 5 15] Sifc, ;i©IPNOT/'NOT-AND[HlK 
Ttt, «ri£L/&J;5lc. AAlHlKaKSWdE-r^NPNh 
9>'5?Xi'16 0. l©3H'^'*«RaEl£VCCfcH 

::nsNPNh7>>?;:^3'i 6 0, i©aui;3' 
*«l&a^&J$fc;^v»J:5CUTi.i5©T. 

a? [0 5 16] Sit, C:©|fNOT/NOT-AND|51«S 

[0 5 17] C:©#NOT/NOT-AND|p|K 
Ttt, A*lHlK»*7;V77«tCSiV»NPNh7>i?X 
^^16 0. lT«|J5KUTV>-5«», C:n6NPNh9>5? 

x^i6o, i©3i'i^^tt. ^igfiffivccicEgjes 
5P n*. r©ie«. c:n6NPNh^>i?:^^'i 6 0. 1 
©3i/i'^©i&a*t7;i'7TietcJ:sy7 hX7-\z^ 

oTKIgUTbSVJ. fflAfl^X©iifflfeE(Bbrb* 
[0 5 18] i:©#NOT/NOT-ANDI5I» 

[0 5 19] c©J:iS(r. z:©||3 5%ffiMirJ:n(f. 

4(7 ^NOT/NOT-ANDHKJCOViT. iSiittt, & 
[0 5 2 0] $3 6ld8<q- -04 5, 04 6 

0 4 5 tt, *«w©^ 3 6 mmmiimm»i:mrmfs 

0T»O. SI9®58M. IP*, r^i. ® 

2, SB3. jB4. jB5. $B6. IB7X»ie8©ien©3t 

[052 1] 0«t>. 1 3 4ttW)£L.&J:^lcai 7IC^ 
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ffl^. 1 6 6«NPNh7>i?;^^', 16 7ttPNPI> 
1 6 8«nMOS h7>>'X3'. 1 6 9~ 
1 7 1 f4fiJri-C*«. 

[0 5 2 2] CCK, NPNh7>i?X3'l 6 6, PN 
PVyyVXfl&l. nMOS h7>>?:^^'l 6 8R 
tXSifil 6 9~1 7 ITl^NOT/NOTlHlKl 7 2*t 

CO 5 2 3] BUS. NPNh7>>?X^'l 6 6, PNP 
h^^i^X^' 1 6 72ftr;fiSil 6 9, 1 7 0T*NOT 
llIK*i«)5KSn. NPNh7>>'X^' 1 6 6. nMOS JO 
h7>'>'X3' 1 6 Sifct^aSll 6 9, 17 1-CNOTI5I 

[0 5 2 4] 17 3ttA*«^, 17 4ttNPN 

1 7 5»4PNPh7>>?X^', 17 6li 

5>i'X^'17 4. PNP h5>S^X^' 1 7 5, nMO 
S l-7>i>X3' 1 7 6&r/ajKl 7 7, 1 7 0. 1 7 1 
T#NOT/NOTE!Sl 7 8*««l«*nTV>*. 
[0 5 2 5] IP^. NPN h'yy'yT.d' 17 4, PNP 

7 5&r;fijFil 7 7, 17 1-?*NOT 20 
mmfimOL^tU NPNh9>5?X3'l 74. nMOS 
h5>>^X^l 7 6RC;fiifi[l 7 7» 17 0TNOT|iI 

[0 5 2 6] ftmrntf. ;i<o»tewift3iiPisiKTe. 

H4 6fc>b*f #NOT/NOT|3!Sl 7 8© 

#NOTffi:^^i:, IfNOT/NOTIilSSl 7 2CDNO 
TlUAJSt&y-Hl 7 9TiieaiL', C®y-H17 9 
K#NOT/NOTI5I»l 7 8 03*NOTM*Ai, # 
NOT/NOTErSSl 7 2<!DNOTa*/B tSAND 

[0 5 2 7] #NOT/NOTI5lKl 7 8®NO 

TWAffli:. *NOT/NOTillSl 7 2©#NOTffl 
AiStS/-Hl SOTlSeU C®/-Hl8 0lr|^ 
NOT/NOT0K1 7 8©NOTaj5!l/At. WHO 
T/NOTEJKl 7 2©*NOTtH*BtSANDi!ia 

[0 5 2 8] -ei/T, y-Hl 7 9IC#^n5ffl^A • 
/Bt, y-Hl 8 0lC^6n-6©^/A- BtSAN 

DfflauT&sffl^A • /B+/A . Bt:mnm-i o 
[0 5 2 91 zLz.\z. z.a)mmfitSimm&-r:\i. 

=il/>:'3'£VCCIIS(l|7(::jftl!l!dn&NP 
N Vvy-J7.9 1 7 4,1 6 6T«riELTV»<5. IP%, 

J:n&NPNh7>>'X^'l 7 4. 1 66©3Wi'^'<£ 

fiJE«jEEvccicH^u c:n6NPNi>^>>;x^i 

7 4, 1 6 6*«aa*»fcftHJ:5lCLTV>*. I1©1S 
;:n&NPNh7>i>X^'l 7 4. 1 6 6IC*»t<& 

5 7-ss«sja< t, ttH:i§8S©ft?^s6< u, mwm 

K®tB*fflJ©*ft«filii2S:^a:<-r<5J:i:*fCS5. U 



1$M¥6 - 2 1 6 7 5 6 

[0 5 3 0] ^it. ::©«^«adgs&9lQlilST», I^NO 

T/NOTlHlBl 7 8. 1 7 20ai*$. OX^tfiftiV 
CCe®«7ICttiRSnfcNPNh7>i?X^'l, 3 6 

>>'X^'l. 3 6C;fet^«5 7-aimS*<U If NO 
T/NOTEIKI 72, 1 7 8©^lBfS6<U *NO 
T/NOTBBl 7 2, 1 7 8 ©ai*«©5teBI«a«* 

[0 5 3 1] J:©»fflWaiffl|Pl3lBTtt, ECL 

[0 5 3 2] tfc, ;i©«^ffi^31»I§BT», m:b[°I 
BaSlCPNP h5>5?X;5'4*»e«:^ft1^B®ite*©* 

€rt>ap-4^^'Ss«iiiK6*Kt^Tti5. 
*tfiS«l-^#»7r>T'>h«©Kft«f®«^T>b, A 

[0 5 3 3] ;::®«^«i6t|tt9»iaKT», MTiEU 
fc± 5 fc, A*liI»«*«J«-r«N P N h 9>S?X3' 1 
7 4. 1 6 6®nVi^^Rr;#NOT/NOT|alBl 7 
8. 1 7 2®W*S:SttSNPNh7>>'X^l, 3 6 
®3Ui^i'««iR«EEVCCICH;SU cnSNPNh 
7>$^X^ 1 7 4. 1 6 6, 1, 3&<D:3Vif9mdm. 
Slt;fe;aViJ;5ICLTV>«®T, ft^t»t^^lC«fc5aJgER 

T&v>a«ift$«<u, ffi«jB«EEr©nf^$tifii-r« 

[0 5 3 4] ^(ommmmmia^^-ctt. mmv 

i^Jc^ic, ECLIslB(;:J:.&«^®J:^(zSSS«)»jti!i 

*fT5J:5lcUTt»i®-e, fifld£-C©«f^&«6«-rs 
:ii*«T?frS. bfc*»oT, il©jfii*»6bTt>, 

[0 5 3 5] il®»<a«iiaftl§IBT!tt, Aijm 

l5ffl«7;P7Tfik:at»NPNh7>i?X3'l 7 4. 1 

6 6T«|J«L, #NOT/NOT@BH 7 8. 17 2® 
tb^ST^P^TSlCSVmPNh^^i^X^l, 3 6-C 
SJt.5J;5»CL-TVJ-5*», J:n5NPNh7>i'X3'l 
74, 1 66, 1, 3 6©al/^^'tt. fffigfMEVCC 

•cHSsn-s. c©ig», j:n&NPNh7>>»x4'i 

7 4. 1 6 6. 1. 3 6®nH/^'©|S3i*t7;l'7r*Sl 
X ® *>K<ELTb * 5 1 V> 5^!9««ft-r a C t tt 

[0 5 3 6] zi<D»mm^mfa^mzJ;iti\i. E 
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[0 5 3 7] c©j:5fc. J:®m3 6*ffi«icintf. 

[0 5 3 8] m3 7-5d&«3* -04 7. B4 8 
H4 7 2(:9Eg9<Ol63 7||%«|®i^!9[BiK&^-r@% 
HT*0, *f8??4«. S9®58i^. fl]^. rSBl. ® 
2. ^3. »4, lis. ^6, ^7Xtt«8®!«l3B<0|& 

[0 5 3 9lBI«f. 1 5 0ei{rJ6Lfc±5CHl 8IC* 
-TNORID^ (mi 8S^MC9ai3SI§l!S) V 1 8 IHA 
fjm-. 1 8 2ttNPNh9>i'Xi'. ISSttPNP 
h^^v'X^'. 1 8 4«nMOS h9>J'X^'. 185 
~1 8 7l3aUfiT*-5. 

[0 5 4 0J CCfc, NPNh^>J?X^'l 8 2. PN 
P l»9>i'X3'l 8 3, nMOS h9>i?X^'l 8 4R 
t^ffifiil 8 5~1 8 7-p*NOT/NOT@»l 8 8*» 

[054 1] fill*. NPNh9>$?X^'l 8 2. PNP 
h^^'i^X^' 1 8 SRI/fitai 8 5. 1 8 6-C*NOT 
liI*&*^«|jS3n. NPNh7>-:?X^'l 8 2. nMOS 
h9>>»X3' 1 8 4]fct;gtal 8 5. 1 8 7-CNOTIg| 

[0 54 21 189ttA*«8^^, 190«NPN 

h7>v'X^', 1 9 IttPNP h^^i^X^', 19 2tt 
nMOS h9>S?X^', 1 9 3»4JStftT*0. NPNh 
^>vX3'19 0, PNP h7>>^X^ 1 9 1. nMO 
S h7>i?X^'l 9 2&r;fiJil 9 3, 1 8 6. 1 87 
r^NOT/NOTIHKl 9 4*«H«3nTV>«. 

[0 5 4 3] NPNh9>>'X^'l 9 0. PNP 

K7>>?X^' 1 9 12fer;filal 9 3, 1 8 6T#NOT 
iaK*^«l^an. NPNh7>v'X3'19 0, nMOS 
h^^yx^'l 9 2Rr;fitriI 9 3, 1 8 7-CNOTia 

[0 5 4 4] «m-rntf. :i®-aisasii5iKTtt. s 

4 8fct)^-rJ:5»C. ^fNOT/NOHIKl 9 4W#N 
OTflJ^ffli. #NOT/NOT@»l 8 80#NOT 
di*«tS:y-Hl 9 5T««U ro/-Hl9 5lC 
IfNOT/NOTlHlKl 9 4CD#NOTa*At. *N 
OT/NOT@Kl 8 8©#NOTW;^}Bt*ANDffi 

[0 5 4 51 *NOT/NOT[5IKl 9 4®NO 

Tffi:^jJSi;. IfNOT/NOTiaKl 8 8©NOTffl* 
«t*/-Hl 9 6-pJg»b. ;:oy-Hi9 6fc*N 
OT/NOTHISSl 9 4®NOTHlA/At. I^NOT 
/NOTHiSl 8 80NOTtfl^j/Bt«ANDfflaL 



(38) $JBI¥6-2 1 6 7 5 6 
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[0 5 4 61 -tL/T, Cn6/-H 1 9 5ICS6n«fll 
^A-Bt. y-Hl 9 6Jr^^n-5^^/A -/Bt 
SANOfflatTiftiS^A • B+/A •/BSa:ftS 
^ 1 0t#<&J:5fcSnTVi«. 

[0 5 4 7] HJIIC. J10-«»a»laI!STtt. A*® 
iSeSS, 3Wi;3'«VCCfiiS«7tC»iKSnfcNPN 
VyyV7.9 19 0, 1 8 2-C«^l/Tl>^. BP*. ^1 
n6NPNh^>>'X3'l 9 0. 1 8 2©riI^iy^'Sf| 
S«)BEVCClC@)tL. ;in6NPNh7>-:^X^'l 9 
0. 1 8 2*taia«J§fc!iVii5lCLTVi2>, Z.<Dl^ 
rn&NPNh7>>?X^'l 9 0, 1 8 2IC*ttS 
55-«6*«&<U iaB!@K©ft15*«< U itSO 
tt©ta:*jffl50jfisa«S85*d>:^<-rs;it)««Tf€S. u 

[0 5 4 81 j:©-iia6«ftia»"ett. *not 

/NOT|ilKl 9 4, 1 8 8®a:^*. 3Ui^3'^£VC 
CffiiBi»7ICS5iK*nfcNPNh7>>'X^'l. 3 6-T? 

Sit«J:5irUTViS. r©«g«. c:neNPNh^> 
S^X^'l. 3 6k:*»t«S9-H»«*)S<U #NOT 
a? /NOTlaI»1 94. 1 88©AigfSe<U #NOt 
/NOT0K1 9 4. 1 8 8©Hl*ffl!l©^®««[&^ 

[0 54 9] i:©-ifel&a»|sI»ftTtt. ECLHI 

«HcJ;S«^©J:'5lc«tg«ift;lS!)f^5&iSMIt-a-r. # 

oT. isajfts&aj[ia*^Bii6T»D, c:©j«*^6lt 
[0 5 5 01 j:©^Ra&a»@a-ctt. wieu*: 

J:'5IC. A*lHl»Sffl*tl^36-r5NPNh9>>'X^l 9 
0. 1 8 2©3l/'i^^'&C^#NOT/NOT@Kl 9 
4, 1 8 80ta*&S»t«NFNh^>>?X^'l. 3 6 
©3V'i'3'S«i«BEVCCfc:HjeU cmSNPNh 
7>5?Xi'1 9 0. 1 8 2. 1. 3 6®3Ui'^'*«ISa 

Ttvi5«fii:sft<L. fi®««ET©afpsaiff-r« 

[0 5 5 1] j:©-ai&a»iiiKTtt. wifiLfc 
Sijj'St-ef. #cu'^;useji-r5c:tTi&a«ia£ 

fT5J;5CLTV>*©T. fi««-C©»(^Stt»-r^r 

[0 5 5 2] Sfc. C:©-aaaftlHlKTtt. A;ftlslte 
yfitSiV^N P N h 7 >i?X5' 19 0. 18 
2nB*U IfNOT/NOTHKl 9 4. 1 8 8©ai 

*ST;i/77«ic5ii'mPNh^>v'x^'i. 3 6-rs 

»tSJ:5»CLTl»5**. cn6NPNh5>>'X^'l 9 
69 0. 1 8 2. 1. 3 603H^3'tt. aSttBEVCCfc 
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0^$n-5. jin^NPN 1 9 

0. 1 8 2. 1. 3 6©3Ui?^'©aa*t7'jl.7T«lC 
[0 5 5 31 tfc. 2:©-Sti&a»0»fc±tltf, EC 

[0 5 5 4] cwi^fc. c:©Sg3 7^«fcJ:ntf. 

[05 55] Il3 8^0!l- -349. ^50 
H4 9 li, *5!M©m3 8lli8«©IS3aiHlS5«^t-IllK 

Hr*o, *f89B«f. m9©f6i«. m-^. m\. m 

2. $13, m4, jB5, fl6. f(73C»:S^8©»|g©al 
[0 5 5 6] Bf, 1 5 0»gt]£U}&J:^lcBl 8lr^ 

-TNORisiK (^1 s^mmoifimm) . 1 9 7»n 

ORIMKl 5 0 tll-«|{S©NOR|5I!S-C»D, 198 
1 9 9, 2 0 0ttNPNH7>>?X3', 2 
0 IttnMOS 202. 203ttatriT 

[0 5 5 7] BPt. C:©7-y?'lelBtt, H5 OlCfea^f 
NOR|5|»l 9 7©-3Sr©AA«SHPK:SETfi 
NOR|Hl»l 9 7©taASNOR@Kl 5 
0©-;5©A*«^lCX:^U NORHISl 5 0®ffi3& 30 
©X*«^CRESET©^SA:*JU NORI3K15 
0©ta*SNOR|g»l 9 7©<B:«r©X*«^K:A*-r 

[0 5 5 8] CdJC, ;i©7S'f'lHl»-rtt. SET©^ 

&NPNh7>5^X^'l 9 9-C«J«UTVi5. fiP^. H 
®NPNh7>vX^l 9 9©3Vi^^S:maie£EVC 

Nh7>i>;^^'l 9 9IC*tt-537-Sil«*ift<b. U 40 
3|pIKS©ft1t«e< Ktg^[B)jS©tU/ifl!l©3ASttmQ«S 

[0 5 5 9] dW^-y^'IllKTe. NORBKl 

9 7©til*S. nUi7^';&vcc«iBS7lc»Sl$n& 
NPNh7>$?Xi'n?SH-SJ:5lCbTV»S. C©« 
;i©NPNK7>i'Xr$'UCi5ltS = 5-a)lg*& 
<U NORIUiJSl 9 7©ft#56<b. NORIalsai 
9 7 ©m*ffi!l©3!saffia8SSil>a: < f-S r i:*tT?frS. 
b&*toT. ;i©;a36»6bT'b, j8Satt&«S-r<5C:t SO 



1$ra¥6-2 16 7 5 6 

[0 5 6 0] r©7i/^IiIBTtt. RESETm 

#©X:'3l2lKfi8*v nwi^3'SVCC«Si«7l;:»«S 
nfcNPNh^>i?X3'3 6T«dELTV>«. fll^, C 
©NPNh7>i^:^i'3 6©ril/i^^'*SiEm£EVCC 
iCHJtU NPNh7>-:^X3'3 6©3l/i/i»*t|&ai& 
Jt&jfei^J:5fcLTif»«. c:©iem. J:®NPNh7> 
3 6 IC*t*«5 9-3J«*i4< U. ffiSlMK©^ 
?^*6<L. S9aisIB©ta*flI©3(aS®ffiii5*^;^<-r 

[0 5 6 1] Sfc, ^©^y^'IilBTtt. NORlHlKl 

5 0©ta*s. 3Vi;9^vccmmmi7\zw^^nit 

NPNh^>>?Xi'2 0 0-rS(t-5«k5CLTV»2>. 
©IS*, i:©NPNh7>S?::^3'2 0 0fc*»t«59— 
%3k^fi<\y, NOREKl 5 0©ft?5S<i<b, NO 
REIBl 5 0©{tlAffi!l©3(lS»®««i*^ja:<-r-5J:t*t 

[0 5 6 2] Sfc. C:©7 5'5"I5IB-ett, ECL0KC 
J:««^©J:5lr«ig«>«A»f^*(g^fii:1i-r, 

[0 5 6 3] *&, i:©9y?ia»Ttt, l9iEUfcJ:3 
IC, SET»^©A*©BSB&«{ft-r-5NPNh7>i^ 
X^'l 9 9©3Wi»:J', NORIMKH 9 7©tU*&Slt 
SNPNh9>S?X^l©3l^i^^'. RESETm^f® 
A*l3KfiB««lriW5N P N h 7 VS'X^' 3 6 ©3 l^i^ 
^'RlXNORUFBl 5 0®tB*S§»t5NPN 
X^'2 0 0«eig«JEVCCIca)£U cnSNPNh 
9>i?X4'1 9 9, 1, 3 6, \^Q(l>:3V99imS. 
*»fc»V»i5»CUTt>2)©r, A^^SiriC±5«JER 
TtV»5il»&*<l/, fi;®fiffiJEE-p©SSf^*tt«-r«. 

[0 5 6 4] ;:®7^/5"lil«-rtt. Mj£t7tJ:3 
Jc. ECL|ilBCJ:$«^©±5{caig«?ttABifPS'i5. 

J:5lrLTV>.5©r. fi®iilr©afp*tt«-r-5rt*t 

[0 5 6 5] i:©7y9^iaj»T?tt, SET©^© 

Ai/JlilS&aPST^P^rJUCiiUNPN 1 9 

9-CS?ri5U NORHBl 9 7©aiAS7;k7rfi»Cp 
VJNPNh5>S?X^'irStJ<5i5lCU RESET 
M#©A:^lHl8ftfiSl£7;V7 T«»CSViNP N h 5 >i?X 
^3 6T«ldEb, NORigai 5 0©la*S:7';^7r« 
lcav»NPNh5>i?X^2 0 0-C§ttSJ;5»CLTt» 
C:n6NPNh5>>'X^'l 9 9, 1, 36. 2 
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0 0®3Wi^:5'«. SSeBEVCC»C0^$ns. r« 
Kg*. cn^NPNh5>i?X^'l 9 9. 1. 3 6. 2 

[0 5 6 6] C:05yf^@KtCJ;ntf, ECLEI 

[0 5 6 71 c:©±5«c. r®»3 8*tt«K:in»f. 

y^^h • 7x-X®^5'f^@Ktc':3V>T. flSi^ttt, 

to 5 6 8] |g3 9gafiW- -051. B52 

H5itt. *siw®m3 9*ig«®isai5i!5s^-ri§» 

HT*0. ^9®fBW. fiP^. r»l, m 

2. ^3, ^4. IBs: IS6, m7X»m8®%9!®ai» 

alHFiS*#^T;a:^>i&a0lSJ ^s^r >• ^x-x®^^ 

[0 56 91 H«^^. 1 3 4ttiJi6b&J;5CHl 
TORIsIlS (*56W®ai 7||ifie»|®^aiHr!S) . 2 0 
4ttORIsIKl 3 4t[^-«|)S®ORI5lKTJ&0. 2 0 
5 lix-5'D*tA:'jan-5A:f3«^, 2 0 6 tii^ D y 
CK*tA*Sn*A*J&?, 207, 208ttNPNh 
9>>?X:J', 2 0 9ttPNP h9>S?X3'. 2 1 0, 2 

1 1 »ffiiriT%-&. 

[0 5 7 01 HI*. 2:®9y9'lel»tt. 815 2fc*-rj: 
5 (C, O R IslK 2 0 4 ®-;&®X AJSf^lCx-^' D S A 
OR|iIK2 0 4®<IS;tr®A*i8^JCi/a<y^CK 
<&A*U OREItel 3 4®-;&®A;*j«g^C!57n-/d^ 
CK*A;*lU OR|ilK2 0 4©HlASBtOR@Kl 3 
4®m:*jiiSi:Sy-H2 1 3TISIIU Z.(r>J-Y2\ 

3 ;c#en^M#*OR[ia 1 3 4®<B:fr®A:ft«?ic 

[0 5 7 1] ^JUC. ^IW^i/^^HHSTft, "T-^Xii 
lHl»e?*, 3l^^^^'«:VCC«ig®7lcSFiK3nfcNP 
N K7>v'X:5'2 0 7T«abTl»S. HJ^, ;:®NP 
N h5>i?X^'2 0 7®3Pi^3'«fKS«£EVCC»;:H 
JtL, c:®NPNh7>v'X3'2 0 7®3U5'5'*t|&a 

S«ffcS:V»*5»CbTt»-S. C®i(S«, C:®NPNh7 
2 0 7fc*»tS55-«4»«Ja:< ftSIHK 

®ft?Brs6< b. Siiai5i»®ta*«i®3te»:««si£*^;4 

[0 5 7 21 *&. C09y^iatt-Ctt, ffUviJXii 

|H|K85;&. 3H'^'*VCC1iSai7fcSSiKSn&NP 
Nh7>i';^^'2 0 8. 1 t?«J*LTl'i.5. CinSNP 
Nh5>>'Xi'2 0 8. l®aVi/^'Saai«JEVCC 
ICffl^L. C:n6NPNh5>i?X3'2 0 8. l®nU 



(40) *JM¥6-2 1 67 5 6 
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o 9it^m.^mz.it\^i^o\z\^xy.^^. z.<r>Wi3k. ci® 

NPN h7>v'X^'2 0 8, UC*ft-55 7-^;SS:a 
<b, fitiaiil%®A?t&6< L. ^3!fil%®a]:41ll®5& 

[0 5 7 3] J:®7y9^iaKT?tt. tiJAIalttSIC 
PNP h9>-;';^^'4*»6;ft<5ftffifBafiB*©*f?l»3 
Vif9Wm&^ii. PNPh5>>?X3'2 0 9*»&a: 

[0 5 7 4] tut, C®7y?^lHlKTe. ECLIelKC 
±i«^®J;5lceii6<»tt;%.!ftfP*i«t«-r, 

[0 5 7 51 Zi(D7y^mi&rit, t'-^'A*!!! 
»»S««S-r«N P N h 9 >-:^X^ 2 0 7 ©3 P-i^ ir. 
i' D A*lHF?SaBS«!)Sc1-?>N P N h 7 >>?X ^' 2 0 
a? 8. l©aUi'3'Xi;/-H2 1 3®SJEE*Stt^NP 
N h 9 ^i^X^' 3 6 ®3 1/4'^' *SS®EEV C C 
L. ::n^NPNh7>5'X3'2 0 7. 208, 1, 3 
6*tSfeasJSfc>iVi<fc-5lc:LTl'»5®-e. A^HrfiStlcJ: 

[0 5 7 61 2:®7y5^ia»T?tt. ECL@»IC 
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